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The Mowraty Weatuer Revrew contains (1) meteorological and seismological contributions and bibliography; (2) an interpretative summary 
and charts of the weather of the month in the United States and adjacent oceans; and (3) climatological and seismological tables dealing with 


the weather and earthquakes of the month. : : 

The contributions are principally as follows: (a) results of the observational or research work in meteorology carried on in the United States 
or other parts of the world, in the weather Bureau, at universities, at research institutes, or by individuals; and (6) abstracts or reviews of impor. 
tant meteorological papers and books. In each issue of the Review such contributions and abstracts are grouped by subjects, roughly, in the 
followsng order: General works, observations and reductions, physical properties of the atmosphere, temperature, pressure, wind, moisture, 
weather, applications of meteorology, climatology, and cera,“ 

The Weather Bureau desires that the Monraty Weatuer Review shall be a medium of publication for contributions within its field, but 


e 
Weather pai publications free should send in exchange a copy of ae they may publish ree upon meteorology, addressed “Library 
ist of current works on meteorology and seismology may be as complete 


It is hoped that the meteorological data hitherto contributed by numerous independent services will continue as in the past. Our thanks 
are due ially to the directors and superintendents of the following: 
The Meteorological Service of the Dominion of Canada. 
The Meterological Service of Cuba. 
The Meteorological Observatory of Belen College, Havana. 
The Government Meteorological Office of Jamaica. ¢ 
‘Tue Meteorological Service of the Azores. 
The Meteorological Office, London. 
The Danish Meteorological Institute. 
The Physical Central Observatory, Petrograd. 
The Philippine Weather Bureau. 
_ The seismological tables contain, in a form internationally on, the earthquakes recorded on seismographs in North and Central America, 
Dispatches on earthquakes felt in all parts of the world are published also. 
Since it is important to have as the name of the month appearing on the cover of the Review that of the period covered by the weather dis- 
Pe pate and tables rather than that of the month of issue, the Review for a given month does not appear until about the end of the second month 
owing. 
, Supplements containing kite observations and others containing monographs are published from time to time. 


SOME WEATHER BUREAU PUBLICATIONS. 


_ Afew of the more recent Weather Bureau publications are listed below, with their prices. A complete list may be obtained upon applica- 
tion to the Chief, U. S. Weather Bureau. Z 
To secure such publications as have a price affixed, one should apply to and make remittances payable to the Superintendent of Documents, 
Pb age Printing Office, Washington, D. C. Stamps and personal checks are not accepted in payment. Additional charge for postage for 
oreign addresses. 
National Weather and Crop Bulletin, with charts, monthly from October to March, weekly during remainder of the year.......... 25¢. a year. 


Snow and Ice Bulletin, with charts, weekly during the winter........... 25c. season. 
Climatological data, monthly for 42 separate sections, each section 5c. a 50c. a year. 
Monthly besa eview Supplement No. 9. (Periodical events and natural law as guides to agricultural research and . 
Monthly Weather Review Supplements Nos. i2 and 13. (Aerology Nos. 7 and 8), 1918 kite data, etc......: 25c. each. 
Instructions for the installation and operation of Class A evaporation stations. Circular 10¢ 
Papers on meteorology as a subject for study. (Repr. from Dec., 1918, Mo. Wea. Rev.)........ 10e 
Meport of the Chief of the Weather Bureau, 1917-1918 (4° edition) ........ Free 
General classification of meteorological literature (leaflet). (Repr. from Jan. 1919, Mo. Wea. Rev.)..............--...+.-++.+-- 


As the lus of Monraty Weataer Review Surriement No. 2 is limited, recipients who do not care to retain their copies will confer 
a favor by satltying the Chief of Bureau, who will arrange for the return postage. 


CORRIGENDA. 


Review, January, 1919: 

Page 29, second column, third line above the diagram, for ‘“‘one-hundredths” read ‘“‘one-hundredth.”’ 

Page 30, Table 2, Rio Grande, 1913, second column, for “5.544” read ‘‘5.844”. Same table, Brazos Brook, 1909, fourth column, for ‘‘5.566” 
read “5.366”. Same table, Gatun Lake, 1911, twelfth column, for “3.376” read ‘‘5.376.” 


oe rie € PuSiication of such contributions 1s not to be construed as official approval of the views expressed. a 
eta ree ~Y possibie. Similar contributions from others welcome. ibliographies of selected subjects are published from time to time in the 
Ste ee The section on the weather of the month contains (1) an interpretative discussion of the weather of North America and og er oepr oceans,and =| 
aot oe some notes on the weather in other parts of the world; (2) details of the weather of the month in the United States; and (3) brief discussions of : 
eal ee ee weather eines rivers and fioods, and weather and crops. There are illustrative charts. The climatological tables comprise summaries of ©, 
a ee the weather and excessive precipitation data for about 210 stations in the United States, and summaries of the weather observed at about 30.” 
Canadian stations. 
| 
<< 
‘ 
et 


ia y 
7 
Fl 
2 
4 
| 
| 


[To face p. 205.] 


Fic. 1 (B.J.S. & A.T.W.).—Beginning ofa pilot-balloon run at Fort Omaha, Nebr. 


Fic. 2(B.J.S. & A.T.W.).—Making a reading at the end of the first minute, Gerstner Field, La. 


M. W. R., April, 1919. 
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CONTRIBUTIONS AND BIBLIOGRAPHY. 


AEROLOGICAL INVESTIGATIONS OF THE WEATHER BUREAU DURING THE WAR. 


By Witiis Ray Greae, Meteorologist. 


INTRODUCTION. 


Washington’s advice, “In time of peace prepare for 
war,” has never received the emphasis which his expe- 
rience and prophetic vision have deserved. Fortunately, 
however, peace-time pursuits can often be adapted to 
war-time necessities, and we see overnight, as it were, 
the conversion of svience and industry—whose only pur- 

ose should be to contribute to the welfare of humanity— 
into vast laboratories and factories, whose one purpose is 
to inflict as much destruction upon the enemy as human 
ingenuity, skill, and industry can accomplish. Thus, a 
nation’s merchant marine becomes a fleet of transports; 
its steel plants a network of munition factories; and its 
colleges and universities a series of military camps. 
Again, its chemists and physicists devote their attention 
entirely to devising the most destructive agents possible, 
and its engineers to the construction of camps, pontoons, 
etc., and to the transportation and placement of huge 
engines of war. 

in line with all other activities, the Weather Bureau 
was suddenly called upon at the beginning of the war to 
curtail as far as possible its usual program of furnishin 
advice and warnings to those chdaaiet only in peacefu 
pursuits and to adapt itself to war-time conditions. Hap- 
pily, many of the investigations that had been con- 
ducted by the Weather Bureau enabled it to furnish 
exactly the kind of information most needed by the military 
and naval services. Again, its trained yaar though 
inadequate in numbers to take care of all the meteorologi- 
cal observations and investigations required at the front 
and in this country, nevertheless formed the nucleus 
around which a large organization was developed for that 
purpose. Thus, some of these men went directly to 
Krance and organized an extensive meteorological serv- 
ice there; others remained in this country and devoted 
their time and energy to establishing observing stations 
at military and naval camps; to the training of promis- 
ing young men for assignment to duty as observers; and 
to the furnishing of data, information, and advice, when- 
ever called for, as soon as possible and as accurately as 
possible. Several papers ant appeared (see particu- 
larly WEATHER Review, December, 1918) out- 
lining the scope of these endeavors. The purpose of this 
sketch is to indicate briefly a few additional lines along 
which the Weather Bureau endeavored to ‘do its bit” 
toward the winning of the war. 

120818---19——-1 


AEROLOGICAL INVESTIGATIONS PRIOR TO THE WAR. 


Prior to the war between the United States and Ger- 
many aerological investigations had been conducted by 
the United States Weather Bureau principally as follows: 

(a) At a large number of well distributed stations dur- 
ing the period April to November, 1898; 

(b) At Mount Weather, Va., and auxiliary stations 
from 1907 to 1914, inclusive; and 

(c) At Drexel, near Omaha, Nebr., from 1915 to March, 
1917, inclusive. 

Campaign of 1898.—The work in 1898 consisted of 
“hand” kite flights to comparatively low altitudes. The 
data were published in detail and discussed by Prof. H. C. 
Frankenfield in Weather Bureau Bulletin F. One of the 
chief results of this campaign was the standardization of 
kites, meteorographs, and other apparatus through a lon 
series of experiments by Prof. C. i Marvin and Mr. S. A. 
Potter. Moreover, certain points were brought out in 
connection with the suitability of sites for stations with 
respect to proximity to centers of population, power lines, 
freedom from forested tracts, etc. 

Mount Weather and auziliary stations. — A longer- 
continued and more systematic series of observations 
was conducted at Mount Weather, Va., by means of 
kites and captive balloons. In addition, there were made 
during this period several short series of observations with 
sounding balloons at different points in the central and 
western States, viz., at Indianapolis, Ind., and Fort 
Omaha, Nebr., in September and October, 1909; at Fort 
Omaha, Nebr., in May, 1910; at Huron, S. Dak., in Au- 
gust and September, 1910; at Fort Omaha, Nebr., in Feb- 
ruary and March, 1911; at Avalon, Calif., in July and 
August, 1913, in connection with captive balloon ascen- 
sions at Lone Pine and Mount Whitney, Calif.; and at 
Fort Omaha, Nebr., in July and August, 1914. The data 
obtained at Mount Weather and its auxiliary stations 
were published in the bulletin of the Mount Weather 
Observatory and in the Monraty Weratuer Review, 
together with several papers by Dr. William R. Blair and 
others, among the most important being “The Five-Year 
Summary for Mount Weather,” “The Diurnal System of 
Convection,” and “The Planetary System of Convec- 
tion.” Although the location of Mount Weather was far 
from ideal in many respects, it is not too much to say 
that the information derived from the observations made 
there and elsewhere under Dr. Blair’s direction were of 
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incalculable value in connection with the war. Without 
this information the Weather Bureau would have been 
seriously embarrassed, if not humiliated, in its inability 
to furnish free-air data, and opinions based on these data, 
to the military and naval authorities. 

Drexel, Nebr.—During 1914 and 1915 the work con- 
ducted at Mount Weather was transferred to Drexel, 
Nebr., because of the better location of the latter place 
with respect to storm tracks and to the needs of the fore- 
casters. The general plan of the work at Mount Weather 
was continued at Drexel, but special attention was given 
to the diurnal variation of the severai migtenlagical ele- 
ments. Only the field work was carried on at Drexel 
the computing and summarizing being done at the Central 
Office. Owing to the fact that the clerical force assigned 
to the Aerological Division was inadequate, the com- 

uting of the Drexel records was considerably in arrears, 
and but little information could therefore be furnished 
as to mean free-air conditions at that station. 

Other investigations by the Weather Bureau.—A sys- 
tematic campaign of cloud observations at Washington, 
D. C., in 1896-97, furnished much valuable information 
as to cloud altitudes and movements and therefore as to 
wind direction and velocity at various heights. Follow- 
ing the work of the Scotia, in 1913, a short series of kite 
flights on the Coast Guard cutter Seneca in May and 
June, 1915, gave some data as to free air conditions at 
low altitudes over the North Atlantic Ocean in the 
vicinity of Nova Scotia. 

Blue Hill Observatory—This report would be incom- 
plete unless reference were made to the long and excellent 
series of observations made under the auspices of the Blue 
Hill Meteorological Observatory, founded and for many 
years maintained by the late Prof. A. Lawrence Rotch. 
These investigations included observations with kites at 
Blue Hill, near Boston, Mass.; with sounding balloons at 
St. Louis, Mo.; and with sounding and pilot balloons at 
Pittsfield, Mass. The results were published and ably 
discussed in different numbers of the Annals of the 
Harvard College Observatory. They have, moreover, 
been studied and used, to some extent, by the Aerological 
Division in connection with similar results obtained by 
the Weather Bureau. 


PREPARING FOR WAR. 


Although the work thus briefly reviewed was of great 
and permanent value, yet it lacked one vital and essential 
characteristic, viz, simultaneity of observations from a 
large number of well-distributed stations. Accordingly, 
as soon as a state of war was declared to exist between 
the United States and Germany, suitable action was 
taken for the expansion of the aerological activities of 
the Weather Bureau, with the result that Congress in- 
corporated in the Army bill for the fiscal year 1917-18, 
an act ‘‘For the establishment and maintenance by the 
Weather Bureau of additional aerological stations, for 
observing, measuring, and investigating atmospheric 
phenomena in the aid of aeronautics, 
travel, and other expenses in the city of Washington and 
elsewhere, $100,000, to be expended under the direction 
of the Secretary of Agriculture.’’ 

This act did not become operative until July 1, 1917, 
but plans for carrying out its provisions were made as 
soon as the Army bill was passed, viz, May 12, 1917. 
Before establishing the additional stations, however, it 
was necessary to provide a well-trained personnel and to 
obtain suitable equipment. These phases of the work, 
together with the furnishing of data, cooperation with 
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the Army and Navy, establishment of special stations 
of a temporary nature, publications, ete., will henceforth 
be treated under separate heads. 


PERSONNEL. 


At the beginning of the war, as already stated, the 
Aerological Division comprised one field station at 
Drexel, Nebr., and a headquarters office at the Central 
Office in Washington, D.C. Ten men in all were engaged 
in the work—six at Drexel, with Mr. B. J. Sherry in 
charge, and four at Washington, with Dr. Wm. R. Blair 
in general charge of the entire division. In enlarging 
this personnel a double purpose was kept in view: (1) To 
train young men to conduct the work at field stations 
and (2) to train certain others for permanent assigninent 
at Washington in connection with the reduction and sum- 
marizing of the data. It was decided that at least the 
official in charge and the first assistant at each station 
to be established should receive training of both kinds 
in order that they might become familiar witli all phases 
of the work. This procedure served the additional 
purpose of enabling the Central Office force to bring the 
work of computing free-air records up to date. As 
rapidly as the men became thoroughly familiar with this 
work they were temporarily assignéd to a field station 
for instruction in kite flying, kite repairing, etc., and were 
later permanently assigned to one of the new stations. 
In the meantime some of the men and several young 
ladies were permanently assigned to the Central Office, 
and not only brouglt the work up to date but have kept 
it up to date ever since. During the early part of Sep- 
i ay 1917, Dr. Blair was commissioned a major in the 
Signal Corps and assigned to duty in France, and in the 
latter part of October, 1917, Mr. Sherry was commissioned 
a lieutenant in the Signal Corps and assigned to the 
National Research Council in connection with the organ- 
ization of a military meteorological service in tliis country 
and in France. 

EQUIPMENT. 


Kite reels. —At the beginning of the war the division 
had on hand two kite reels —one at Drexel and one at the 
Central Office. As it was planned to establish five addi- 
tional stations, action was taken to have four more of 
these reels constructed. These were delivered in time for 
use and have proved satisfactory. They are of standard 
type, after the design of Prof. C. F. Marvin, with some 
modifications by Dr. Blair. A view of one of these is 
shown in figure 2. 

Reel houses._-The reel house at Drexel, Nebr., having 
proved satisfactory, it was decided to use this as a 
model, except that the size was reduced from 18 to 15 
feet in diameter. These houses consist essentially of 
two parts—a turntable, by means of which the doorway 
may be presented to any desired direction, and a super- 
structure sufficiently large to accommodate the kite reel 
and accessory apparatus. Suitable turntables were pro- 
cured and shipped to the respective stations, where they 
were mounted on concrete bases, the turntables them- 
selves supporting the wooden superstructures. Views of 
the reel houses complete may be found in Monruty 
Weatuer Review Nos. 12, 14, and 15. 

Surface instrumental equipment.—All apparatus for re- 
cording surface meteorological conditions is of standard 
type, such as is used at regular Weather Bureau sta- 
tions.” 

Kite meteorographs.—The meteorographs in regular use 
by this division are of the type designed by Prof. ©. F. 
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1. 


Front view of Marvin kite meteorograph in use at Weather Bureau Aerological Stations. 


Fic. 2.--Kite reelin use at Weather Bureau Aerological Stations. 
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Fic. 3.—Kite and balloon theodolite in use at Weather Bureau, Military, and 
Naval Aerological Stations. 
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Marvin, with some modifications as to details of con- 
struction. These modifications are: The substitution of 
a ‘‘windmill”’ anemometer, mounted at the windward or 
front end of the instrument, in place of the Robinson 
type, yes gad exposed on the kite; the substitution of 
strips of thermostatic metal, consisting of bronze and 
invar plates, in place of tubes filled with ether, for the 
temperature element; and a different arrangement of the 
hairs in the hygrometer, whereby these hairs are mounted 
separately instead of in bundles. There were about a 
dozen of these meteorographs on hand and many of them 
were defective in one way or another. It became nec- 
essary, therefore, to repair those on hand and to pro- 
cure several additional instruments. After some corre- 
spondence with instrument makers, it became apparent 
that the best course to pursue was to purchase the 
necessary materials and have the new instruments made 
in our’own shop. Such action was accordingly taken, 
but even then great delay was experienced, owing to 
the fact that all manufacturers were pressed to the limit 
by war work. Delay was greatest in the case of clocks 
and pressure elements of these instruments. When these 
were finally procured, they proved to be very satisfactory, 
and a large number of new instruments were constructed, 
in addition to several old ones’which had meanwhile been 
repaired and made ready for use. A front view of one 
of the new meteorographs is shown in figure 1. 

Kites. —Kach regular station needs at least 25 kites of 
different sizes in order that flights may be made under 
different conditions of wind velocity. It seemed wise 
to have all of these kites made at one station, in order 
to avoid duplication of power saws and other equipment. 
Accordingly, Drexel was designated a ‘‘central’”’ station 
and the necessary materials for about 150 kites were 
sent to that station and made up into standard box 
kites of the Hargrave-Marvin type, such as have been 
regularly used by the Weather Bureau in all of its 
aerological investigations. By means of improvements 
in equipment and by*concentrating on certain parts of 
the kites and then successively on other parts it has been 
possible to produce a large number in a short time, and 
in fact each station was supplied as soon as it was ready 
for them, 

Theodolites.—The division had on hand four of these 
instruments, formerly in use at Mount Weather, but 
they had become, in general, unserviceable by reason of 
long use and through unavoidable accidents. Two self- 
recording theodolites, designed by Dr. Blair, were 
intended for use in sounding-balloon work. ‘This latter 
type, but without the recording feature, was deemed the 
most satisfactory one for the kite stations and, accord- 
ingly, orders were placed for 16 of these. Only five were 
delivered during the war, but they were sufficient for the 
stations thus far established and have proved satisfactory 
for the purpose. In addition to these, and acting upon 
the recommendation of this division precast 4 the 
Meteorological Section of the Signal Corps placed similar 
orders for a large number of theodolites for use at mili- 
tary training fields in this country and at the front in 
France. A view of one of these theodolites is shown in 
figure 3. 

Pilot balloons.—The use of pilot balloons was not at 
first contemplated by this. division, it having been 
decided that this work should more properly be handled 
by the Meteorological Section of the Signal Corps. 
Iiowever, pending the organization of that service and 
in order to save time, sample pilot balloons were obtained 
from different companies and tested at the Central 
Office. On the basis of these tests orders for large 


MONTHLY WEATHER REVIEW. 


207 


numbers of these balloons were placed by the Signal 
Corps, and it is understood that they have been used 
with success at all of the Army Meteorological Stations. 

Pressure-testing outfits—All meteorographs are cali- 
brated at the Central Office before being sent out; after 
that they are calibrated at the stations at which they 
are used. For temperature and humidity the instru- 
ments are merely subjected to different conditions 
within a well-ventilated box or in different rooms. For 
wind they are suspended from a wind vane near a stand- 
ard anemometer. For pressure, however, it is necessary 
to have special apparatus consisting of an air pump, a 
bell jar, and a manometer. Geryk air pumps and bell 
jars have been obtained from makers of scientific instru- 
ments and very satisfactory U-tube manometers, suit- 
ably mounted and graduated, have been designed and 
made at the Central Office of the Weather Bureau. 

Motors.—Because of the variation in the pull of the 
kites on the wire and because, even when the pull is 
uniform, it is often desirable, for different reasons, to 
change the speed of reeling in, each kite station should 
be equipped with a variable speed motor, this variation 
in speed to be independent of the load to be pulled. 
Motors of this sort for direct current are on the market, 
but at some of the stations only alternating current was 
available. It therefore became necessary to have special 
motors designed and constructed—two for single-phase 
and two for three-phase current. After considerable de- 
lay such motors were procured and have given excellent 
results. 

PERMANENT KITE STATIONS. 


Five stations, in addition to the one at Drexel, were 
planned, and their approximate locations were indicated 
by Dr. Blair just prior to his departure for France. The 
Mount Weather and Drexel stations were situated so far 
from even a small town that living conditions were not 
conducive to that centented state of mind which is a 
prerequisite (more or less, depending upon individual 
temperament) to the attainment of harmony and the 
best possible results. Moreover, the cost of maintaining 
such a station, with its own power plant, etc., is large. 
In establishing these additional stations it was therefore 
decided, so far as possible, to select sites a short distance 
to the east of small towns, where electric power and living 
quarters for the men would be available and where the 
least possible difficulty would be experienced from rail- 
roads, rivers or lakes, forested tracts, human habitations, 
etc. Further requirements of a good kite field are that 
it should be levee cleared of trees, stumps, fences, etc., 
and have an area of approximately 40 acres. Whenever 
possible, it was purposed to lease land on which the owner 
would erect, and include in his lease, a building suitable 
for office, carpenter shop, and the storage of kites. After 
a site was selected and as soon as the lease became effec- 
tive, the installation of equipment was immediately 
begun. As a rule, the reel house was placed near the 
center of the field and the buildings and surface meteoro- 
logical equipment in one corner or near one side of the 
field. e sites selected are: Broken Arrow, Okla.; 
Ellendale, N. Dak.; Groesbeck, Tex.; Ga.; 
and Royal Center, Ind.- Detailed descriptions of these 
stations may be found in Monraty WeatHer REVIEW 
SupPLeMENTs Nos. 12, 14, and 15. See also figure 4 
for their locations. 

The kite work conducted at these stations has been 
patterned after that at Drexel and comprises daily 
observations, whenever possible, and, in addition, about 
two series of diurnal observations each month. These 
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latter consist of about eight or nine successive flights, 
from the records obtained in which it is possible to follow 
quite closely the diurnal changes in the various meteoro- 
logical elements at different altitudes. The work at 
Drexel has been continued as heretofore, in spite of many 
changes in personnel and in addition to the instruction 
of new men in kite flying and to a greatly enlarged pro- 
gram in kite building. 


TEMPORARY KITE STATIONS. 


Potomac Park, Washington, D. C—At the request of 
the War Department, a kite station was established at 
Potomac Park in January, 1918, and several flights at 
night were made during February and March, 1918, in 
connection with searchlight tests, conducted by the 
Engineer Corps. The kite reel was of an old type for- 
merly in use at Mount Weather. This and other equip- 
ment were furnished by this division, the power being 
supplied by the Engineer Corps. During this period 
there were also made a few flights in connection with 
experiments in atmospheric electricity by the Bureau of 
Standards. 

Ellington Field, Ter —During April and May, 1918, 
several kite flights were made at this field for the an er 
of raising devices for the detection of the approach of 
airplanes. A hand reel, kites, and other equipment were 
furnished by this division. Owing to the confidential 
nature of this investigation, no report of the results has 
been received from the Engineer aly but it is known 
that the apparatus was raised to heights of from 1,000 to 
1,500 feet above the surface. 

Aberdeen, Md.—In an endeavor to improve the range 
tables used by the United States Army, the Ordnance 
Department requested that kite flights be made at the 
Aberdeen Proving Grounds. Accordingly, the kite 
equipment formerly used at Potomac Park was installed 
at that place, and records were @btained with a kite 
meteorograph, whenever possible. This meteorograph 
was also used in airplane flights when conditions were 
unfavorable for kites. 


PUBLICATIONS. 


Meteorology and aeronautics.—During the First Pan- 
American Aeronautic Exposition at New York, February 
8 to 15, 1917, it was apparent that an urgent need existed 
for a meteorological manual for aviators. Therefore, 
such a manual was prepared at the Weather Bureau, and 
late in the year was published by the National Advisory 
Committee for Aeronautics as Report No. 13. The pur- 
pose, as stated in the Introduction, was “‘to show the 
sort of atmospheric data available and to put the subject 
in such shape as may make it bear directly on the 
problems which are met in aviation.’’ This pamphlet was 
given wide distribution, not only in this country but also 
in France, and helped to fill a long-felt want among 
aviators, and was used in connection with the instruction 
of men in the Meteorological Section of the Signal Corps. 

Mean values of free-air barometric and vapor pressures, 
temperatures, and densities over the United States.—Owing 
to repeated calls by the Army and Navy for mean free- 
air data, a set of tables, giving the results of all oberva- 
tions made in this country by the Weather Bureau, was 
prepared and published in the January, 1918, number of 
the Montuty Weatuer Review. 

The turning of winds with altitude.—Soon after the pub- 
lication of ‘Meteorology and Aeronautics”’ it became evi- 
dent that somewhat more detailed information relative 
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to the behavior of free-air winds in relation to those at 
the surface was needed than was given in that pamphlet. 
Accordingly, such a paper was prepared and, likewise, 
ublished in the January, 1918, number of the Monrury 
VEATHER Review. Reprints of these two papers were 
furnished to training fields and to various abraemaa 
departments that had sought such data. Moreover, a 
set of ‘Rules’ for predicting wind conditions aloft, 
published at the end of “The Turning of Winds with 
Altitude’’ was included in a ‘“‘ Manual of Aerography for 
the United States Navy.” 

Aerological supplements.—The policy of publishing free- 
air data in SUPPLEMENTS to the Monruty Weraruer 
Review has been continued. At the close of the war all 
data up to June, 1918, inclusive, had been so published, 
together with some discussion and illustrations. In 
SUPPLEMENT No. 12 is included a brief note on ‘‘ Free-Air 
Temperatures During the Cold Winter of 1917-18.” 
This note endeavors to show briefly the value of free-air 
wind observations in predicting the direction of move- 
ment of storm areas. In SuppLewent No, 13 a paper 
entitled ** Notes on Kite Flying,” by Mr. V. IE. Jakl, pre- 
sents useful suggestions for obtaining the best possible 
records under varying conditions of weather. 

Introductory meteorology.—EKarly in August, 1918, the 
Weather Bureau was requested by the National Research 
Council to prepare a textbook on meteorology suitable 
for use in instructing men in the Students’ Army Training 
Corps. Such a textbook was prepared under the editorial 
direction of Prof. W. J. Humphreys, who requested the 
official in charge of the Aerological Division to write 
Chapter III on Atmospheric Temperature and Chapter LV 
on Atmospheric Pressure. In the belief that a textbook 
for use in this Country should contain material largely 
drawn from this Country’s sources of information, the 
writer of Chapters ITI and IV based the subjects treated 
principally on the results obtained at Mount Weather and 
auxiliary stations—Drexel, Nebr., and Blue Hill, Mass. 
Numerous charts and figures were mcluded with the text, 
some of them new, some copied from the Mount Weather 
Bulletin and the Monraiy Wearuer Review, and some 
from Prof. Humphreys’s * Physics of the Air.”’ 

Smithsonian meteorological tables.—In connection with 
a revision of these tables and at the request of Prof. H. H. 
Kimball, who had the work in charge, this division pre- 
rears the tables for use in computing free-air records, and 
or the conversion of millimeters into millibars and milli- 
bars into millimeters. Assistance was given also in the 
computation of gradient-wind tables. 


SPECIAL DATA FURNISHED, 


To the Ordnance Department.—In addition to average 
free-air conditions, as given in some of the publications 
above listed, there were frequent calls for information at 
specified times and places. For example, estimates of 
free-air densities were requested in connection with anti- 
aircraft and other tests at the Aberdeen Proving Grounds 
and the Sandy Hook Proving Grounds, when no actual 
records were obtainable from kites or airplanes. This 
division made such estimates in the following manner: 
By the aid of daily weather maps the days for which esti- 
mates were desired were classified with respect to the 
station’s location in different quadrants of the HIGH or 


Low which controlled the weather conditions at the times 
of tests. The mean temperature and humidity gradi- 
ent for such conditions, as determined from five years’ 


observations at Mount Weather, were then ge to 
the surface values recorded at the proving grounc 
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these estimated temperatures and humidities, values of 
pressure and density were readily computed for the 
various altitudes. Such values were furnished at various 
altitudes up to 8 kilometers for some 60 tests. 

To the Military Intelligence Service.—At the request of 
the Military Intelligence Service, information was fur- 
nished as to the best conditions of pressure distribution 
that would be favorable for the release of ‘‘ propaganda”’ 
balloons in France, in order that they would reach certain 
parts of Germany and Austria. The opinions expressed 
were based in large part on the results of Cave’s work 
with pilot balloons in England, and on those with kites 
and balloons in France and Germany. 

To aviation services.—Information was given to the 
Air Services of the Army and Navy as to the best condi- 
tions under which to attempt trans-Atlantic airplane 
flights; also as to the best route to follow. 


COOPERATION WITH THE SIGNAL CORPS. 


Selection and instruction of men.—Early in the war it was 
decided that the Signal Corps should have a meteoro- 
logical service of its own for war-time purposes. As has 
already been stated, Dr. Blair and Mr. Sherry, of this 
division, were among those transferred from this Bureau 
to that service. Before this transfer was effected, Dr. 
Blair selected a number of well-trained college graduates, 
who, it was expected, would sooner or later be drafted. 
These men, together with others subsequently selected, 
were in large measure during the first few months trained 
in meteorological work by the Weather Bureau. A few 
of them received special instruction in the Aerological 
Division. 

Equipment. —Before the organization of the Signal 
Corps Meteorological Service could be perfected, urgent 
calls for equipment were received from a large number of 
training fields in this country. In order to prevent delay 
in complying with these requests, this division supplied 
complete sets of meteorological apparatus for some 20 
military camps and proving pest In addition three 
kite meteorographs were furnished for the use of the United 
States forces in France. 

I'ree-air forecasting for aviators. —One of the most valu- 
able achievements of the Signal Corps Meteorological 
Service was the organization at most of the training fields 
in this country of systematic observations of free-air wind 
conditions by means of small pilot balloons. The pri- 
mary purpose of these observations was to furnish helpful 
information to aviators as to current local conditions and 
to enable the Ordnance Department to apply ballistic 
wind corrections to its range tables. But the wide dis- 
tribution of these stations presented an opportunity for 
still further usefulness, viz, the plotting or mapping of 
upper air currents and the issuance of bulletins based 
thereon for the information and guidance of Aviators 
flying over transcontinental aerial routes. It was, there- 
fore, decided at a conference on July 29, 1918, between 
Lieut. Col. Millikan, Lieuts. Sherry and Waterman, rep- 
resenting the Signal Corps, and Prof. Marvin, Mr. Calvert, 
and the writer of this report, representing the Weather 
Bureau, to carry out this plan, the details of field organi- 
zation to be worked out by Lieut. Sherry and those of 
assembling and computing the data and issuing bulletins 
to be under the general direction of this division. Ap- 
proximately 25 stations were established at points ee 
cated in figure 4. Five of these were placed at Weather 
Bureau aerological stations, partly because these stations 
are well located for the purpose desired and partly in order 
that Weather Bureau observers might become thoroughly 


familiar with the work. ‘Two Signal Corps men were 
assigned to each station and six to the Central Office of 
the Weather Bureau. Plans were perfected for receiving 
reports daily by wire, these reports to include wind diree- 
tion and velocity at the surface and at altitudes of 250, 
500, 1,000, 1,500, 2,000, 3,000, and 4,000 meters above 
it; also, kind, amount, and height of lower clouds, if any. 
Arrangements were made with the Forecast Division to 
issue bulletins and forecasts, based on these reports, to 
the Aerial Mail Service and to any others who might 
desire them. 


COOPERATION WITH THE NAVY. 


Pensacola flying station.-In May and June, 1917, Dr. 
Blair conferred with officials of the Navy at Pensacola, 
Fla., relative to meteorological equipment that should be 
installed at that station. 

Navy yard.—In June, 1917, Dr. Blair conferred with 
officials of the Navy at the United States Navy Yard 
relative to the development of a theodolite for pilot- 
balloon observations and a plotting device for quickly 
interpreting those observations. 

Aerograph ic division of the United States Naval Reserve 
Flying Corps._-Information was given to this service 
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F1G. 4.—Location of Weather Bureau, military, and naval, aerological stations in 

operation, November, 1918. 
relative to sources of supply for theodolites, pilot balloons, 
and other equipment. Complete outfits of meteorological 
instruments and apparatus were furnished for use at some 
of the stations esteblishbd. The results of pilot-balloon 
soundings made at these stations are regularly furnished 
to the Weather Bureau, and in return advices as to prob- 
able future free-air conditions are issued by the Forecast 
Division. 

In addition to the practical application of the data 
obtained by the Weather Bureau Army and Navy mete- 
orological services, these data have been and are being 
studied with a view to the preparation of a summary or 
manual for aviators, thus bringing the subject of free-air 
winds in their relation to pressure distribution, etc., up 
to date. ' 


COOPERATION WITH FOREIGN COUNTRIES. 


Great Britain.—In response to a cablegram from Gen. 
Bartlett, a Marvin kite meteorograph was sent to the 
British Admiralty in October, 1917. This instrument 
proved so satisfactory that a request was made for the 
purchase of six more of them. Owing to the fact that 
we had on hand not even enough of these instruments 
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for our own use, it was impossible to comply at once with 
the British Admiralty’s request. Steps were taken, how- 
ever, to furnish them as soon as possible, with the result 
that two were sent during August, 1918, and the re- 
maining four shortly after the close of the war. 

Ttaly.—At the request of representatives of the Italian 
Royal Flying Corps, information was given as to the best 
conditions of pressure distribution under which to attempt 
cross-country flights between Hampton, Va., and New 
York; between Hampton and Chicago, Ill.; and between 
Chicago and New York. 


CONCLUSIONS. 


The policy of the Aerological Division was at all times 
to furnish as quickly as pee the available data, 
equipment, etc., needed by the military and naval services 
in the prosecution of the war, and at the same time to 


increase its facilities for such cooperation by making im-~ 


rovements in its equipment and by bringing together 
into concise form the results of all aerological investiga- 
tions, not only in this country but in other parts of the 
world as well. It is believed that the most important 
results accomplished have been: (1) The aid rendered the 
Army and Navy in organizing their meteorological serv- 
ices; (2) the equipment furnished to those services, thus 
enabling them to make observations at a large number 
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of training fields; and (3) data, information, and advice 
to the military and naval services relative to free-air con- 
ditions, both as to mean values and for specified times 
and places. Whatever of value has been achieved is due 
very largely to the never-failing advice and sympathetic 
support of the Chief of Bureau; to the hearty cooperation 
of the administrative officers and chiefs of divisions of the 
bureau; and especially to the industry, enthusiasm, and 
loyalty of all the employees of this division, both at the 
field stations and in the Central Office. 


AS TO THE FUTURE. 


The need for aerological data in peace times will 
become increasingly urgent. Improvements in aircraft 
will very likely result in making them less dependent 
upon weather conditions than at present, but it is not 
likely that the time will ever come when a knowledge 
of the air cannot be used to advantage by the aviator. 
The development of the Aerial Mail Service and of com- 
mercial aviation makes it imperative that we continue 
and expand our upper-air forecasting service. Aside 
from these considerations free-air observations are so 
inherently related to surface observations that a study of 
them as now begun can hardly fail to increase the accuracy 
of ‘‘forecasting the weather.”’ 


SOME SCIENTIFIC ASPECTS OF THE METEOROLOGICAL WORK OF THE UNITED STATES ARMY:' 


By Lieut. Col. R. A. Miturman, Signal Corps, U. S. A. 


There is no more interesting illustration of the appli- 
cation of new scientific methods to warfare than is fur- 
nished by the developments in meteorology during the 
Great War. Prior to 1914 a meteorological section was 
not considered a necessary part of the military service. 
No corrections had ever been made by the artillery of any 
army for any save surface winds. Firing by the map 
was almost unknown. No Sound-ranging Service, no 
Air Service, and no Anti-aircraft Artillery had ever 
existed to demand aerological data. 

At the time of the signing of the armistice on the 
western front the Air Service and all the artillery were 
being furnished every two hours with the temperature, 
density, wind velocity, and direction, taken at the surface 
and at various altitudes, from 100 to 500 meters apart, 
up to 5,000 meters. Further, tables were prepared from 
which each battery could obtain the correction suited 
to its trajectory for the so-called ballistic wind. This 
is the average wind for the trajectory, weighted for the 
density of the air at the elevations traversed. Even 
machine guns when used for barrage work made use of 
these ballistic-wind tables. 

In addition, daily forecasts were furnished to the 
armies in accordance with the following outline: 

A. Character of weather for each arm of the service. 

B. Winds: Surface, at 2,000 m., and at 5,000 m. 

C. Cloudiness, including fog and haze. 

D. Height of cloud. 

Visibility. 

F. Rain and snow. 

G. Temperature. 

H. Warning of weather conditions favorable for use 
of gas by enemy. 

K. Probable accuracy or odds in favor of forecast.* 


' Read before the American Physical Society on Apr. 25, 1919, at Washington, D. C. 
* A more detailed account of this work in France is being prepared for the KEVIEW 
by one of the meteorological officers still overseas.—Ep:Tor. 


Most of the aerological data were obtained from theodo- 
lite observations on pilot balloons. The extent to which 
our knowledge of the upper air has been and is being 
extended by this pilot balloon work may be seen from 
the fact that before the war there existed but one station 
in the United States where pilot balloon explorations 
were regularly carried on. Within a year of the incep- 
tion of the meteorological service in the United States 
Army, 37 complete stations for the obtaining of both 
surface and upper-air data in aid of aviation and the 
artillery had been established in the United States (see 
fig. 4, p. —-, above) and equipped with special aircraft 
theodolites and pilot balloons, neither of which had ever 
been produced before in this country. Further, 20 such 
stations had been established, by our forces abroad. For 
the manning of this service, about 500 specially selected 
men had been trained in this country and 314 of them 
sent abroad, while about 200 were held for work in the 
United States. 

The scientific interest in this service centers about four 
distinct problems: 

1. The extension of our knowledge of the law of motion 
of pilat balloons. 

2. The ‘procurement of data and the development of 
methods for the preparation of artillery range tables. 

3. The development of long-range propaganda bal- 
loons. 

4. The charting of the upper air in the United States 
and overseas in ald of aviation. 

1. The extension of our knowledge of the law of motion 
of pilot balloons.—Prior to the development of the 
Meteorological Service of the Army there had been made 
in the United States perhaps 100 pilot balloon flights, in 
which the balloons had been followed by the two-theodo- 
lite method—the only method which permits of real 
accuracy; and in several European countries there had 
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been a somewhat greater number, but the data were 
incomplete and fragmentary. 

Within the past year approximately 5,000 such obser- 
vations have been taken by the Meteorological Service of 
the Signal Corps. From these observations the altitude 
of the balloon is determined with great accuracy by tri- 
angulation, the base line being usually a mile or more in 
length. The balloon is kept in sight up to distances as 
creat as 60 miles and up to heights as great as 32,000 
meters, or approximately 20 miles. For the practical 
uses of the artillery and the air service, observations need 
not be carried higher than 10,000 meters (6 miles), 
which is the extreme height to which airplanes have thus 
far ascended or to which projectiles usually go. 

In view of the number of variables which enter into 
the raie of ascent of pilot balloons, such as the changing 
density and the changing temperature of the surrounding 
air, the changing size of the balloon and consequent 
changing tension of the rubber envelope, the changing 
temperature of its interior because of the absorption of 
the sun’s rays, the diffusion of hydrogen through its 
walls, ete., it is one of the most striking facts to be found 
anywhere in the annals of empirical science that these 
balloons rise to great heights without deviating appre- 
ciably from the simplest possible law of ascent, namely, 
that of constant speed. Graphs Nos. 1, 2, 3, 4, and 5, 
in figures 1 and 2, show beautiful examples of this con- 
stancy. Graph No. 6, figure 2, shows a kink at about 
5,500 meters, which is presumably due to a descending 
current struck at that altitude. Graph No. 7, figure 2, 
shows a balloon followed to a height of 20,000 meters, 
where it apparently developed a leak and failed to ascend 
farther Graph No. 8 shows the fluctuations which are 
often found at low altitudes, these fluctuations being 
undoubtedly due to ascending and descending currents.’ 

The extreme constancy in the rate of ascent shown in a 
great majority of flights, although surprising enough, is 
not as inexplicable as it at first appears, for since the 
pressure within the balloon due to the tension of the 
rubber itself is only from 5 to 8 centimeters of water, 
and since this pressure is at sea level less than 1 per cent 
of the pressure of the atmosphere, it will be seen that the 
balloon will expand practically freely; that is, as though 
the walls did not constrain the gas at all, up to heights 
of, say, 10,000 meters, where the pressure is about a 
third of an atmosphere. This means that the ascen- 
sional force must be entirely independent of temperature 
and pressure.’ For the speeds with which these balloons 
ascend, namely, about 3 meters a second, the resistance 
to motion must be directly proportional to the density 
of the air, and experiment shows it to be nearly propor- 
tional to the cross-section of the balloon; that is, to the 
square of the radius. This makes the resistance vary 
as the cube root of the density,t which means that at a 
height of 6,000 meters, where the density is about one- 
half, the resistance is 0.83 of what it would be at the 


tA pilot balloon which appears similarly to have reached a limiting altitude was 
followed for 258 minutes (and could have been followed for longer) at Murmansk, Mar. 
29,1919. Ifthecomputed ascensional rate, 500feet/min. (152m./min.) had been assumed 
to hold throughout the run, the indicated altitude would have heen 129,000 feet (39,320 
m.). From notes by Capt. W. H. Pick, published in Brit. Met’] Off, Cir., No. 35, May 
1, 1919, p. 3.—Eb. 

4 See pp. 223-225 below. 

3 Vor iff), v1, Pi, Cepresent ascensional force, density, volume, pressure, and tem- 
perature at the surface of the earth, and fo, de, v2, Pe, fs, the corresponding quantities at 
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surface. If, as is approximately true for these speeds, 
the resistance varies as the square of the velocity or the 
velocity as the square root of the resistance, this would 
mean that the velocity should vary as the sixth root of 
the density. In other words, since the sixth root of 2 is 
1.13, at a height of 6,000 meters the velocity should be 
about 13 per cent greater than at the surface. Such an 
increase in velocity would be very easily observable in 
the experimental data. The fact that it is not found 
there is due to the wholly fortuitous circumstance that 
the slow diffusion of hydrogen through the walls, as 
observation by Blair and Sherry has shown, is just suffi- 
cient with the balloons here used to retard the ascen- 
sional rate enough to make it quite exactly constant. 
This makes it possible, provided one could always 
duplicate the size and weight of his balloon, to obtain a 
very exact determination of wind velocity and direction 
by a one-theodolite method, the height being always 
known from the time and the known rate of ascent. 
When, however, the weight and inflation of the bal- 
loons are varied, as they must be in practice, since the 
balloons vary in weight from 20 to 35 grams, and since 
it is convenient also to vary the filling according as low 
altitude or high altitude wind data are desired, it is 
found that no accurate formula can be found for com- 
puting the speed in terms of the ascensional force, the 
weight to be lifted, and a single invariable constant. 
For approximate work, however, the one-theodolite 
method, because of its convenience and because of the 
impracticability of measuring an accurate base line at 
the front, is much in use, re one of the advances made 
in the meteorological work of the Army during the past 
year has consisted in developing, with the aid of the large 
amount of data available, a general formula for the rate 
of ascent in terms of the ascensional force and the weight 
of the balloon, which, though far from accurate, is more 
reliable than that which has heretofore been used. The 
formula heretofore used is that of Dine’s, namely: 


V= 


in which V represents the rate of ascent in meters per 
minute, J is the free lift, or the weight of the displated 
air less the weight of the balloon and contained hydrogen, 
L is the weight of the balloon plus the free lift, and X is 
a constant. 

The formula as modified by the observers of the Signal 


Corps is 
[3 -208 
V=K ( 


This formula is found to fit the observational data within 
the ranges used in the Signal Corps work to an accuracy 
of somewhat less than 10 per cent, which is sufficient for 
most work at the front. 

2. Meteorology in the aid of the artillery.—In former 
times, when guns did not shoot to a greater distance than 
8 or 10 miles, it was usually possible to observe where the 
projectile hit and to correct errors by ‘‘spotting.”’ This 
made unnecessary the correction of the trajectory for the 
influence of the wind and the changing density of the air 
with increasing altitude. In the present war, however, 
guns have been built to shoot much farther and, in addi- 
tion, camouflage has prevented the visual location of 
guns, even at the old ranges. Hostile batteries have 
been located in many instances solely by the new art of 


6 Further details of the development of this formula are given on p. 218, below. 
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Fic. 1.—Time-altitude graphs of typical pilot balloon runs. 
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Fic. 2.—Time-altitude graphs of typical pilot balloon runs. 
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sound-ranging, which has itself demanded, for the high 
accuracy attained, aerological data. The answering 
battery has been obliged to fire wholly by the map, so 
that it is obvious that it has become necessary to make 
careful allowances both for the density of the air and the 
direction and velocity of the wind at various altitudes. 
Some of the modern projectiles remain in the air as long 
as 70 seconds, and a moderate wind blowing across the 
path of such a projectile might easily cause it to drop 
half a mile away from the point at which it would strike 
if fired in still air. The wind direction and velocity at 
various altitudes have been obtained, as already indi- 
cated, by pilot balloons, while the temperature has been 
determined at the proving grounds by sending self- 
recording instruments aloft in specially constructed box 
kites, as well as by sending instruments and meteorolog- 
ical observers aloft in airplanes. It has been with the 
aid of observations of this sort that the new range tables 
for the Ordnance Department of the United States Army 
have been constructed. The importance of this work 
may be understood when it is considered that these range 
tables will be used in connection with the firing of all 
guns, and errors in them would produce errors in the range 
of every gun fired with their aid. 

3. The development of long-range propaganda _bal- 
loons.—In view of the fact that above an altitude of 
10,000 feet 95 per cent of the winds both over western 
Europe and over the United States blow from west to 
east (i. e., have a westerly component), Capt. Sherry, 


-in 1917, suggested the development of a large program 


for the extension of the use of pilot balloons for the pur- 
pose of flooding the whole of Germany and Austria with 
propaganda dropped from such balloons. The project 
was submitted to the meteorological and military agencies 
in France and pronounced unfeasible, chiefiy because the 
rapid diffusion of hydregen through rubber had hereto- 
fore rendered it ie en to obtain pilot-balloon flights 
of more than about 100 miles. Undiscouraged, however, 
by those reports, Mr. W. J. Lester and Dr. S. R. Williams 
and Sergt. Redman attacked the problem of extending 
the range of pilot-balloon flights by developing an auto- 
matic ballast control and by reducing the diffusion by 
means of a special dope. 

The automatic control was ingeniously simple, its 
essential feature being a bellyband which kept the girth 
of the balloon constant (at a diameter of 4 feet) through 
the discharge, in the act of shrinking, of a few drops of 
kerosene, thus causing reascension and consequent 
expansion. 

With this device the balloon not only does not fall, 
but rises very gradually to higher and higher levels until 
its ballast of kerosene or alcohol is exhausted. 

In the week beginning October 3, 1918, 60 such bal- 
loons, adjusted to fly between the initial and final alti- 
tudes of 15,000 and 25,000 feet, respectively, were sent up 
from Fort Omaha, Nebr., carrymg return cards and 
watches, which were arranged to stop and be let down on 
small parachutes as soon as the ballast was exhausted. 
Thirty-four out of 60 of these balloons were picked up 
and returned to Washington. Instead of fiving 100 
niles, one of them came down within 10 miles of New 
York, 1,100 miles from Fort "Omaha: another was re- 
turned from Virginia, 930 miles from its starting point; 
and the rest were scattered over Ohio, Kentucky, Llinois, 
Wisconsin, and lowa. Not one went west of Omaha, 
though the balloons were sent up on days on which 
different surface conditions prevailed. 
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The credit for this achievement, the significance of 
which will be discussed later, is due primarily to Mr. 
Lester, Capt. Sherry, Dr. Williams, and Sergt. Redman. 
At the time of the signing of the armistice the Military 
Intelligence Service was preparing for the extensive use 
of these balloons for flooding the whole of Germany, 
Austria, and even parts of Russia with suitable leaflets, 
several hundred of which could have been scattered by a 
single balloon, the total cost of which would have been 
but two or three dollars. 


TABLE 1.—Pilot-halloon observations of wind, 1918. 


| 
Groesbeck, Ellendale, Ellendale, Fort Ogle- | 
Tex. N. Dak. N. Dak. thorpe, Ga. | Mineola, N. Y. 
Nov. 1. Nov. 13. Dee. 5. Nov. 29. Pere. 7 
Alti- 
tude. j — j 
Direc- | Ve- Direc- Ve- Direc- | Ve- Direc- | Ve- | Direc- | Ve- 
tion. | locity. tion. locity. tion. | locity.| tion. | locity.) tion. | locity. 
- 
Veters.| Vis./h Mis.fn.| Mis. /h | | Mis./h. 
Ole 9 sw. 29 | nw. 19 | nw | 18 
250 | ese. 16s. i7 nw. 17 | nw. 8} n. | 51 
900 ese sw. 16 nw. 49} nw | n. 65 
750 | ese. 2 | sw. is nw. 57 | wn 19 | n. 29 
1,000 | wsw 5 | w. 15 nw iS | w 0 | Ww. 22 
1,250 wnw ow. 16) wnw. 19 | Ww 4 | w. 20 
1,500 wnw Is wnv iS wnw. , 50 | w. 36 Ww. 11 
1,750 | wnw 23 wnw i9 nw 64 | W. 36) Wsw. 13 
2,000 ) nw 25 wnw 22 wnw. 68 | w. 41 Sw. | 25 
2,250 | nw 20 wnw 25 whw Si] Ww. 46 | Sw. 47 
2,500 | wnw 20 wnw 27. wnw 87 | WSW. 47 sw. 63 
2,750 | nw. 23 wnw. 34. wnw. 9 | Wsw. 56) sw. 55 
3,000 | nnw. 35 wnw 93 | wsw. 76 | sw. 54 
200 n is nw 45) Wwsw 9 Sw 5 
,o00 nnw 2 nw i0 sw. 
,750 | nv 25 nw 4] 
4,000 | nu 20 nw +1 
4,250 nw 20 nw 
1500 uw 21 
4,75 nw 2) nw 
», 000 nw 4 
5,250 > wnw. 1 nw 57 
5, 500 nw 60 
5,750 wnw 35 nw 
6,000) wnw 32) wnw t 
6,250  wnw. | 25 nw 6a 
6,500 wnw. | nw 
6,750 > wnw 2 nw. os 
7,000 wnw 19, nw i 
7,250 | w. nw 
7,500 | w. i2 nw 
7,700 w. 05 
s, 000 | wsw 1 nw i 
8,250 | wsw. | mw. 
8,500 | wnw. | nw. 
8,750 + 22> nw 
1,000 | wsw. | x0 nw. 13 
9,250 | wsw. | 20! wnw 74 
9,500 | wsw. | 22 wnw GS 
9.750 wsw. | 2 wnw o5 
10,000 | w wnw 7s 
10,500 | w 
11,000) wnw 
11,250 | w 
11,750) w 4} 
12,000) w 
12,750 | w 59 
13,000 | w 60 


NorTe.—The flights of Nov. land Nov. 15 began at 7 a.m.,that of Nov. 29 at 7.39a.m_., 


and that of Dec. 15 at 8.26 a.m., 90th meridin time, while that of Sept. 7 begun at 
7.06 a.m., 75th meridian time. 


4. The charting of the upper air in aid of aviation. In a 
recent Brisbane editorial the following sentence oceurs: 
“Tying machines of the future going long distances will 
travel at least 32,000 feet up, Where no wind blows except 
the gentle eastern wind caused by the earth’s motion on 
its axis.” It is quite likely that the future aviator will 
fly high, but his motive will be to find an air current, not 
to escape one. The gentleness of the zephyrs existing at 
high altitudes may be seen from Table 1, which records 
five sets of pilot-balloon observations recently taken by 
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tue Signal Corps. These observations show air currents 
increasing in intensity with increasing altitude and ap- 
proaching the huge speed of 100 miles per hour. Such 
speeds are perhaps exceptional but not at all uncommon. 
The pilot balloon mentioned in section 3 above, traveled 
from Omaha to Virginia at an average speed of 30 miles 
per hour, the average height being 18,000 feet. On No- 
vember 6, 1918, at Chattanooga, Tenn., a velocity of 154 
miles an hour at an altitude of 28,000 feet was observed 
by one of the meteorological units of the Signal Corps. 
These facts bring out the importance of a forecast of such 
currents for the purpose of long flights. A flier aided by 
such a wind as that last mentioned would move toward 
his objective 2X 154, or 308 miles an hour more rapidly 
than if he were opposed by it. When it is recalled that 
the aviator above the clouds has no means of knowing 
anything about the motion of the air in which he flies it 
will be seen that it is of the greatest importance to him 
to know the nature of the currents at different levels. 
Table 2 furnishes a very typical illustration of this 
importance. 


TABLE 2. 

| Wind | Wind 

inc ind. 
Altitude. |direction.| velocity. 

| Miles 
Meters. per hour. 


From the above data it is evident that on this occa- 
sion an aviator flying toward the west should fly at an 
altitude of 1,000 meters, while an aviator flying toward 
the east should fly at an altitude of 4,000 meters or more. 

In order to meet the obvious need: of the aviator for a 
knowledge of the upper-air currents, the Signal Corps in 
the summer of 1917 undertook for the first time in history 
a general program of systematically mapping the upper- 
air currents of the United States, the Atlantic, and west- 
ern Europe in aid of aviation and particularly with ref- 
erence to trans-Atlantic flight. y the fall of 1918 
26 upper-air stations carefully distributed over the 
United States were in full operation in place of the 1 
station which had existed before the war, From these 
stations reports are telegraphed twice daily to the 
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Weather Bureau in Washington. From the pilot-balloon 
observations charts are constructed showing the wind 
direction and velocity at the various levels; for instance, 
one chart shows the wind direction and velocity near 
the ground, another chart shows the wind direction and 
velocity 500 meters above the ground, and additional 
charts show the wind direction and velocity at the fol- 
lowing levels: 1,000, 1,500, 2,000, 3,000, and 4,000 meters 
above the ground.! The forecaster at Washington has 
the various charts before him, showing wind and weather 
conditions prevailing over the United States, within an 
hour and a half after the observations are made. From 
these charts he prepares the forecast of weather condi- 
tions for the various sections of the United States, and 
at the same time prepares a statement of the wind and 
weather conditions at various altitudes along the various 
air routes for the use of aerial navigation. This service is 
already being used by the Aerial Mail Service. It is also 
used by the military fliers, as is evidenced by telegraphic 
requests received at various military meteorological 
stations for special reports on the weather and wind 
conditions when long-distance flights are contemplated. 
The problem of exploring the upper-air currents over 
the Atlantic was at first thought insoluble on account cf 
the absence of fixed bases, but the success of the Meteoro- 
logical Service in developing its long-range propaganda 
balloons has now made possible the mapping of the upper- 
air highways across the Atlantic, for arrangements are 
being made to send up both from coastal stations and 
from trans-Atlantic steamers these long-range balloons 
designed now for from 2,000 to 3,000 mile flights, and 
adjusted to maintain a constant altitude and to drop in 
western Europe their records of average winds in these 
heretofore unchartable regions. The importance of this 
work for the future of aviation needs no emphasis. 
The success which the Meteorological Service has at- 
tained would have been wholly impossible had it not been 
for the intimate and effective cooperation which has been 
extended to it in all of its projects by the United States 
Weather Bureau through its chief, Prof. C. F. Marvin, 
and its entire staff. The chief credit for the work abroad 
should go to Lieut. Col. William R. Blair, commissioned 
from the Weather Bureau for the observational work 
with the A. E. F. For the success of the service in this 
country Capt. Sherry and Lieut. Waterman have the 
chief responsibility. Capt. Murphy and Prof. Fassig 
have, however, contributed very important elements. 


1 See fig. 3, p. 220, below, 


THE MILITARY METEOROLOGICAL SERVICE IN THE UNITED STATES DURING THE WAR. 


By Berrram J. SHerry, Captain, Signal Corps, and ALtan T. WATERMAN, First Lieutenant, Signal Corps. 
ps, 


[ Dated: Washington, 1. C., May 15, 1919.] 


Previous to the beginning of the war in 1914 no nation, 
with the possible exception of Germany, had made provi- 
sion for meteorological work as used im modern warfare. 
It is true that surface meteorological observations were 
made at some of the military posts, but no systematic 
meteorological work was attempted nor had any upper- 
air observations been made with a view to providing the 
Air Service and the Artillery with necessary meteoro- 
logical data. In the United States the Weather Bureau 
has always maintained an efficient civilian meteorological 
service and has accumulated an enormous amount of 
data, both of surface and of upper-air meteorological con- 
ditions, and had not these data been available during 
the war a great many aviation and artillery problems 
would have been much more difficult. 


With the present development of aviation it becomes 
highly desirable that a more intimate knowledge of upper- 
air conditions be obtained. The development of modern 
artillery makes it necessary that certain corrections for 
variation from normal in the atmospheric conditions be 
incorporated in artillery range tables. For instance, it 
has been found that in firing tle 75-mm. gun at a tar- 
get 7,000 meters away an opposiag wind of 10 meters per 
second will cause t' e projectile to fall nearly 400 meters 
(a quarter of a mile) short of the target. In order to 
make the proper correction to the aim im artillery fire it 
is necessary to know the wind direction and speed at 
various altitudes up to the maximum height reached by 
the projectile. In the case cited above this would be 
approximately 2,000 meters. Besides making corrections 
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for wind, it is necessary also to make allowance for vari- 
ations in the density of the air, and in some instances 
this correction is quite as important as that for wind. 
The use of gas in the war made it important that close 
attention be paid to wind direction and speed. In fact, 
the operations of all branches of the military service were 
to a considerable extent dependent upon weather condi- 
tions, and consequently weather forecasts were in demand. 

It was some time after the declaration of war before 
England and France had meteorological services oper- 
ating with their armies... When the United States 
entered the war a few months elapsed before it was 
decided that the United States would put a large army 
on the battle front. When it became evident that such 
an army would be sent to Europe it was also apparent 
that a military meteorological service would be necessary 
as a partof thisarmy. The Chief Signal Officer of the 
Army directed that a Meteorological Service be organized 
within the Signal Corps, under the immediate supervision 
of Lieut. Col. R. A. Millikan, Chief of the Science and 
Research Division of the Signal Corps. Dr. W. R. Blair 
and Mr. E. H. Bowie, both of the U.S. Weather Bureau, 
were commissioned as majors in the Signal Corps and 
sent overseas to investigate and report on the needs of 
the American Expeditionary Army for meteorological 
data. It was the intention at first to provide a meteoro- 
logical service for duty with the American Expeditionary 
Forces only. However, it was soon found that it would 
be necessary to organize a meteorological section for 
duty in the United States to furnish data to the various 
military posts for the benefit of Ordnance, Air Service, 
and Artillery units in training, and in the development 
of problems in connection with their work. From cable- 
grams received from Gen. Pershing it was determined 
that approximately 21 officers and 300 enlisted men 
would be required for duty overseas. Approximately 15 
officers and 200 men were required to meet the needs for 
military meteorological work in the United States. 

The number of men with the qualifications desired 
was not available, and it was necessary to take men 
having satisfactory educational qualifications and give 
them additional training in meteorology and aerology. 
The first 150 men obtained were sent to various Weather 
Bureau stations in the United States for training in 
meteorology. After a short period of training nine of 
these men were sent to Fort Omaha, and in November, 
1917, the first military meteorological and aerological 
station was established at t' at place. A school of meteor- 
ology was opened at College Station, Tex., with Dr. 
Oliver L. Fassig as Chief Instructor, where approximately 
330 men were given tr aining in meteorology and aerology.’ 
Men were sent overseas in groups of 50 until approxi- 
mately 300 men had been sent. 

In the United States 37 military meteorological sta- 
tions were established, equipped with instruments and 
personnel for furnishing meteorological data to other 
branches of the Army. Most of these stations were at 
military posts and were established at the request of 
some branch of the military service. The stations at 
the Aberdeen Proving Ground, Aberdeen, Md., and at 
the Sandy Hook Proving Ground, Sandy Hook, N. J., 
were established for furnishing accurate data of surface 
and upper-air conditions to the Ordnance for use in 


1 For an account of the British service, see “Meteorology during and after the war,” 
MONTHLY WEATHER REVIEW, February, 1919, 47:81-83. 

2 See “A Signal Corps school of meteorology,” by ©. L. Fassig, MONTHLY WEATHER 
REVIEW, December, 1918, 46: 560-562. Some account of the methods of teaching at this 
school are given in “Collegiate instruction in meteorology,’’ by C. F. Brooks, ibid., pp. 
554-560. 


connection with range-firing experiments. At both of 
these stations the Meteorological Section of the Signal 
Corps cooperated with the Ordnance in developing the 
first range tables constructed by the United States Army 
in whic h corrections were to be incor porated based on 
actual observations for variations from normal air den- 
sity, wind direction, and speed along the trajectories. 
For the purpose of instructing student officers and men 
in the use of these tables, military meteorological stations 
were established at the Coast Artillery School, Fort 
Monroe, Va., the School of Fire, Fort Sill, Okla., and the 
Field Artillery Firing Centers at Camp Jackson, S. C., 
and Camp Knox, Ky. Meteorological stations were also 
established at Hazelhurst Field, N. Y.: Ellington Field, 
Tex.; Kelly Field, Tex., and a number of other flying 
fields in various parts of the country, for the purpose of 
supplying information concerning both surface and 
upper-air conditions for use in connection with the train- 
ing of student aviators and also in connection with cross- 
country flying. For the purpose of furnishmg meteor- 
ological data to be used in connection with the training of 
balloon pilots and observers for both observation and 
free-balloon work, stations were established at the Army 
Balloon Schools at Fort Omaha, Nebr., and Arcadia, 
Cal. Meteorological stations were established at a 
number of other points in the United States for the pur- 
pose of furnishing data to other branches of the Army, 
and many of the stations, including some of those named 
above, furnished data to two or more branches of the 
military service. 

In organizing the Meteorological Service the Signal 
Corps was confronted with the project of creating what 
was in Many respects an entirely new service for the 
Army designed to supply the military organization with 
complete and up-to-date meteorological information, and 
this as promptly and efficiently as possible. The under- 
taking necessarily involved, in addition to consideration 
of methods employed by former or present meteorological 
organizations, actual experimental investigation, and the 
developme nt and standardization of new methods. 
Inasmuch as the U. S. Weather Bureau constituted an 
efficient organization for det wing with surface meteorolog- 
ical data, and as a number of the personnel of that de- 
partment were available for the Service and familiar with 
its methods, it Was decided, as far as surface observations 
were concerned, to adopt as standard practice the methods 
and type of equipment used by the Weather Bureau. 

The question of the proper units to be employed in 
recording observations ihe in issuing reports required 
consideration, and the metric system was decided upon 
as being the simplest and also that required for work 
overseas. For serving the various military branches in 
the United States, however, a number of different units 
were in use, so that it was impracticable to adopt a single 
system which would conform to all requirements. _ 
this country, therefore, observations were recorded and 
station records were kept in the metric system, and 
reports were furnished in any units desired locally. 

The main outstanding problem was that of developing 
suitable methods for data coneerning the 
upper air. The methods whic fh had previously been 
employed for this purpose were: (1) The use of sounding 
balloons, (2) manned (free) balloons, (3) observation 
(kite) balloons, (4) kites, and (5) airplanes. All of 
these permit the procuring of complete upper-air data 
(temperature, pressure, humidity, and wind). The 
sounding-balloon method consists of attac ‘hing recording 
apparatus to a balloon of approximately 7 fect diameter 
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inflated with hydrogen and allowed to ascend. When 
the balloon bursts or loses its gas the apparatus descends 
on a parachute. For military, purposes, the sounding 
balloon is evidently out of the question on account of the 
delay and uncertainty in recovering the recorded data. 
The manned balloon is debarred for the same reason, 
and also because of the limited range of observation. 
Observation or kite balloons may, of course, be employed. 
There are serious limitations to their use, however, such 
as the expensive and elaborate equipment, the low alti- 
tudes attained, and the danger in launching in a high 
wind. Kites are excellent, but require considerable 
equipment, and render aviation unsafe in their neighbor- 
iol on account of the kite wire. They also are not 
readily launched in very light winds. Nevertheless, 
they are desirable equipment a permanent meteorolog- 
ical stations where accurate and complete data aloft are 
required. The last-named method, by airplane, is en- 
tirely practicable and has been employed by the Signal 
Corps at the Aberdeen Proving Ground. Recording 
apparatus is carried by the airplane, which flies steadily 
for a certain length of time at each altitude for which 
data are desired. An alternative, and the usual method, 
is to carry non-recording instruments, which are read by 
an observer at the altitudes desired, and whenever any 
unusual condition is experienced. The use of an air- 
plane for obtaining data aloft has the disadvantage that 
it is impracticable to determine the wind velocity accur- 
ately. More than 350 airplane meteorological flights 
have been made at Aberdeen, usually to 10,000 feet. 
Such complete knowledge of upper-air conditions as 
will admit of the computation of densities aloft is desired 
by the Artillery only, whereas a knowledge of the wind 
aloft is extremely valuable to the aviation and balloon 
services as Well as to the Artillery. There are several 


simpler methods available for ascertaining only wind | 


speed and direction: (1) Observations on pilot balloons, 


(2) observations on movement of the smoke of anti- ° 


aircraft shell bursts, and (3) sound-ranging on_ pilot 
balloons carrying a train of explosives.’ as 
a knowledge of the upper winds is what is mainly desired 
by the Army, the development of efficient methods for 
obtaining these data was of foremost importance. Since 
the two latter methods mentioned depend upon the as- 
sistance of two other branches of the Army—the anti- 
aircraft and the sound-ranging services—it was decided 
to use the first, namely, that by observation on pilot 
balloons. This method was soon found to be most 
satisfactory, and, accordingly, an important under- 
taking of the Signal Corps was the development of prac- 
ticable, speedy, and efficient means of making upper-air 
observations with pilot balloons, and of computing and 
tabulating therefrom data in a usable form. Practicable 
field methods were soon devised, and these have con- 
tinually been improved until at the present time a highly 
efficient system is in operation. The disadvantage of 
the pilot-balloon observation is the fact that 
the observation is limited to the height to which the 
balloon can be seen, and is therefore restricted in altitude 
on cloudy days. On clear days, however, it is far more 
efficient than other methods, as is evidenced by the fact 
that observations to a height of about 12 kilometers are 
by no means unusual. The record altitude reached in 
this service by this means is 20 kilometers,‘ and balloons 
have been seen to a horizontal distance of 70 kilometers. 

Although the pilot-balloon method of determining wind 
aloft was not new to meteorologists, it had only been 


* For further details see MONTHLY WEATHER REVIEW, Feb., 1919, 47: 70, 
4See graph No.7 in fig. 2, p. 213, above 
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ae in connection with upper-air research, in which 
the speed of computing results and the transfer of the 
equipment was of secondary importance. The Signal 
Corps immediately undertook the development of prac- 
ticable military methods, which require principally 
— of operation and portability of equipment. Briefly, 
the operation consists in allowing a pilot balloon to 
ascend freely. The balloon in its upward course is 
carried along horizontally by the wind and is a most 
sensitive indicator of wind velocity. It may be viewed 
through two theodolites placed at the ends of a measured 
base line, and simultaneous reading of elevation and 
azimuth angles may be made at regular intervals. By 
triangulation the actual path of the balloon relative to 
the earth may be calculated. From the horizontal pro- 
jection of this path, which is plotted for points taken at 
known intervals of time, the average wind velocity 
(speed and direction) over any interval may be obtained 
at each respective altitude. An alternative method, 
which is more easily adapted to military use, employs 
only one theodolite, and assumes a known uniform rate 
of ascent of the balloon. The computation can then be 
made as before, much saving is effected in personnel, 
equipment, and portability, and the method is admirably 
adapted to rapid field work. 

A requirement for either the one or the two theodolite 
method is a satisfactory type of balloon. The balloon 
should admit of high inflation and possess minimum 
weight in order to reach the greatest possible altitude 
before being lost to sight. The rubber should be so cured 
as to retain its elasticity for a moderate period, should 
allow only slow diffusion of hydrogen through its walls, 
and should be so colored as to be visible against the 
different backgrounds encountered: All balloons should 
be of the same shape in order to simplify the calculation 
of rate of ascent. Much attention has been given to these 
points, and after careful testing it has been found that the 
most satisfactory balloons are of pure rubber, and of 
approximately spherical shape when inflated. (See 
frontispiece.) These ballodns are used in two shades— 
uncolored, for use against a clear sky, and dark red, 
for a cloudy or hazy sky. <A balloon which will inflate 
to a maximum diameter of 80 centimeters should weigh 
from 20 to 30 grams, and one inflating to a maximum 
diameter of 120 centimeters, approximately 50 to 60 
grams. The manufacture of satisfactory balloons of 
larger size than the last named (about 9 inches in diameter 
deflated) appears to be very difficult. 

A special type of theodolite (see fig. 3, opposite p. 207) 
was ialinw! y Dr. W. R. Blair while connected with 
the U.S. Weather Bureau. This instrument, with a few 
minor alterations, has been used’ exclusively in this 
country. Its essential feature is the use of a right- 
angled prism at the center of the telescope tube, whereby 
the observer is able to look always in a horizontal plane 
while sighting upon objects in space. 

Although the single-theodolite method of observation 
is more readily adaptable for field use than the two- 
theodolite method, the accuracy of its results is de- 
vendent upon the accuracy with which the altitude of the 
ie is known. With the formulas for rate of ascent 
now in use this accuracy is not great. It was therefore 
found desirable to maintain raplentrds. ido stations for 
two-theodolite observations at posts where the greatest 
degree of accuracy was desired, as, for instance, at prov- 
ing grounds where investigations were conducted con- 
cerning the factors which influence the flight of pro- 
jectiles. Considerable work was necessary in order to 
ring this more cumbersome method to a point where 
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the necessary speed of operation would be attained. 
A large number of devices were designed to gain this 
end. Special slide rules and alignment charts have been 
made for solving the trigonometric formulas involved 
in determining the position of the balloon from time to 
time. After the latter is known the path of the balloon 
may be readily plotted and the wind velocity obtained 
at any altitude. Methods have been devised for com- 
yuting the wind velocity without graphical aid, but they 
iaton been found not to compare favorably with graphical 
methods. 

These latter methods operate on the principle of dupli- 
cating on a small scale the configuration of the system 
(balloon, base line, and two theodolites) by means of 
plotting board and apparatus. For finding the altitude 
of the balloon when the horizontal projection path is 
known, an ordinary slide rule may be used, or this, too, 
may be solved by graphical means. Plotting boards 
for two-theodolite differing slightly in detail, 
were developed independently at Signal Corps stations 
at Aberdeen Proving Ground, Fort Monroe, Fort Sill, 
Hazelhurst Field, and Ellington Field. A form which 
seems to be as direct as any that can be devised is illus- 
trated and discussed on page 222 below. It is necessary 
for rapid work that telephonic communications be es- 
tablished between the observing stations and the plotting 
room. Each observer and each plotter wears a telephone 
head set. (Fg.1, frontispiece.) The readings are called in 
from the observing stations to the plotting room as soon as 
taken; thus the charting goes on as fast as the observa- 
tion progresses. To insure simultaneous readings, at 
each of the two theodolites suitable signals are given 
the observers by means of a standard Signal Corps time- 
interval apparatus and time-interval bells, or these 
signals may be sent by means of a buzzer on the telephone 
circuit. In this way the computation of the wind 
velocity may be made to keep pace with the observation. 
The two-theodolite method of observation is, of necessity, 
available for use at more or less permanent stations only. 

In regard to the s'mpler, single-theodolite method, the 
first requisite was a formula for the rate of ascent of the 
balloon in order that the altitude might be known at 
each reading taken. In other words, it was necessary 
to predict from known measurements of a given balloon, 
as, for instance, its diameter, weight, and lifting power, 
what the rate of ascent would be. Some general deduc- 
tions regarding the rate of ascent of pilot balloons have 
been given by Mallock’ from theoretical considerations. 
In his paper it is shown that at first, leaving out of 
consideration the loss of gas, a balloon will ascend with 
a slight positive acceleration, which later decreases to 
zero and then becomes increasingly negative until the 
maximum altitude is reached. This behavior is ex- 
hibited to some extent by large sounding balloons; but 
they are inflated to a much less degree than the small 
pilot balloons in the attempt to reach high altitude 
rather than to gain a rapid ascensional rate. As a 
matter of fact, practically all the pilot-balloon observa- 
tions of the sort conducted by the Signal Corps show a 
rate of ascent which is very nearly uniform up to alti- 
tudes of certainly 10 kilometers and in. many cases 
much higher. The matter of the rate of ascent is also 
treated by Millikan* and, as shown by him, for moderate 
altitudes the loss of gas by diffusion just compensates 
for the positive acceleration that would otherwise occur. 


5 A. Mallock: Proc. Roy. Soc. v. 80, No. A541, June 10, 1908, pp. 530-534. 
®R. A. Millikan: p. 211, above. 
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This fact has been taken advantage of in most work 
that has been done on the rate of ascent of pilot balloons 
to deduce a partially theoretical formula, which will 
satisfy experimental results. It is assumed that since 
the rate of ascent is constant a formula will apply which 
holds for the case of a balloon moving through air of 
constant density and under the influence of a force 
equal to its lifting power in such an atmosphere. To 
enter into the subject fully would properly require a 
special article. It may be stated briefly, however, that 
the two best known formulas derived in this way are 
those of Dines’ and Hergesell.’ They are respectively: 


where V represents velocity; l, the ‘‘free lift,” repre- 
sents the actual lifting power of the balloon, i. e., the 
attached weight it will support; L, ‘‘the total lift,” is 
the free lift plus the weight of the balloon; and K is a 
constant. Variations in density of the air introduce 
negligible errors in comparison with those due to other 
causes. 

A large amount of investigation has been conducted 
by the Meteorological Section, Signal Corps, with a 
view to solving this problem. At the beginning it was 
found that the formulas of Dines and Iergesell did not 
agree with actual free-air observations made by the 
Signal Corps, and at Fort Omaha in December, 1917, a 
purely empirical formula was deduced, which was used 
for a short time. Its use is restricted to balloons of 
total lift in the neighborhood of 80 grams only, and it is 
accurate for the range for which it was designed. It 
was soon discarded, however, on account of its restricted 
range and applicability to balloons of low inflation only. 

From the records of about 5,000 pilot-balloon observa- 


‘tions made with two theodolites at various points in the 


United States, 1,000 have been selected because of their 
length and accuracy. These have been tabulated and 
examined carefully. It is found that the results ob- 
tained do not agree with the results of either Dines or 
Hergesell for the type of balloons employed. In addi- 
tion, experiments in charge of Lieuts. W. 5. Bowen and 
H. H. Anderson were performed at the Signal Corps 
School of Meteorology, College Station, Tex., in which 
balloons of various diameters with different weights 
uttached were dropped from the interior dome of a 
high building and the rate of descent directly observed. 
On the basis of these experiments and the accumulated 
data obtained from two theodolite observations men- 
tioned above the following formula was produced: 


The accuracy of any formula yet devised leaves much 
to be desired, as the velocity of ascent may be relied upon 
only to an accuracy of 5 per cent or occasionally 10 per 
cent. The formula developed by the Signal Corps has 
been demonstrated to be more accurate for the work 
in hand than that of either Dines or Hergesell. 

Tests on the internal pressure of balloons used show 
that it at first decreases with increasing inflation, later 
becomes very nearly constant (approximately 5 cm. of 
water) for a considerable range, mk increases just before 


7 Quart. Jour. Roy., Meteor. Soc. April,-1913, v. 39, pp. 101-107, and April, 1918, v. 44, 
pp. 131-133. 

8 Sixiéme Réunion de la Commission International pour l’Aerostation Scientifique, 
Monaco, 1909, pp. 86-103. 
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the bursting point is reached. The diffusion through 
the walls is rather an uncertain quantity, but averages 
about 4 to 6 per cent of the volume per hour. 

To return to a discussion of the single-theodolite 
method of observation, where it is assumed that the 
altitude of the balloon at the time of taking each reading 
is known beforehand, and the only remaining quantity 
to be determined is the radial distance in a horizontal 
plane of the balloon from the starting point. This 
permits of remy calculation with an ordinary slide rule 
on account of the simple formula involved, viz: 

Distance = height/tan c; 
where ¢ is the elevation angle. 

One successful method for single-theodolite work is to 
compute this horizontal distance by slide rule and then 
to chart the balloon’s path on a simple plotting board 
provided with a scaled arm pivoted at the center of a 
360° protractor. Another satisfactory method consists 
in the use of a similar board combined with a graphical 
altitude-finding device, the principle of which, is the 
graphical solution of the above formula. Fully a dozen 
eflicient plotting boards and methods have been devised 
by members of the Meteorological Section of the Signal 
Corps, which differ in details of construction but which 
fall under one of the two general classifications named 
ubove. That adopted by the Meteorological Service for 
general use is illustrated in figure 4. The observation 
point should be connected by telephone with the plotting 
room as in two-theodolite work and the time-interval 
system is also an advantage, though not essential. 

An important feature of the meteorological work at 
Artillery stations consists in. the calculation of the 
“ballistic” wind. Corrections for Artillery fire are made 
for variations of meteorological conditions from normal. 
The normal condition as to wind is taken by the Artillery 
to be ‘calm.’’ Since the wind differs in speed and direc- 
tion at different altitudes and since a projectile spends 
a different amount of time in each zone of altitude, it is 
necessary that these factors be taken into consideration. 
The “ballistic”? wind is an imaginary wind, which would 
have the same deflective effect upon a given projectile 
as the total resultant effect of the varying winds which 
the projectile encounters during its flight. A projectile 
spends an increasing amount of time in each successive 
zone up to the maximum ordinate; in fact, about half 
the time of flight is spent above three-fourths of the 
maximum ordinate. The ballistic wind is, therefore, 
computed by finding the resultant of the true wind 
velocities for zones of equal altitude up to the height 
of the maximum ordinate, each taken with properly 
applied weighting factors. At Artillery and Ordnance 
stations the meteorological detachments are expected 
to compute this ballistic wind in connection with all bal- 
loon observations. Considerable work is here involved 
since, as a rule, a ballistic wind must be calculated for 
each different maximum ordinate; thus, frequently, from 
a single balloon observation the ballistic winds for 10 
different maximum ordinates are required. Methods of 
calculation are in use in Signal Corps meteorological 
detachments which enable reports to be delivered on 
these ballistic winds at the completion of the balloon 
observation. In addition to the work of computing 
these data at all Artillery posts, at the Aberdeen and the 
Sandy Hook Proving Grounds meteorological detach- 
ments under the direction of Lieut. J. W. Howard, 
Signal Corps. cooperated with the Ordnance Department 
in examining the results of range firing under different 
meteorological conditions and in devising means of 
making the proper corrections. 
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A great variety of problems were undertaken by the 
Signal Corps, a number of which are briefly outlined 
below. 

Upper-air data obtained by making simultaneous ob- 
servations at Signal Corps stations in various parts of the 
country are telegraphed to the United States Weather Bu- 
reau at Washington, where upper-air forecasts are issued 
daily by the Weather Bureau regarding upper-air condi- 
tions likely to be encountered in flying over various parts 
of the United States. This work gives promise of being, 
in addition to its military value, of material assistance 
to the Aerial Mail Service and commercial aviation in the 
United States. Charts of winds at different levels above 
the surface over the United States, as observed on 
February 5, 1919, are shown in figure 3. For dynamical 
studies this usual method of mapping according to alti- 
tude above the observation point, gives way to that of 
mapping according to altitude above sea level.’ In fact, 
for long distance flights, maps of this latter type are 
more useful to aviators than are those shown in figure 4, 
for the atmospheric pressure, rather than the configura- 
tion of the surface indicates (by altimeter) the elevation. 

The question arose as to the area over which the results 
of a wind-aloft observation might be expected to hold. 
Although it was known that the upper winds are practi- 
cally constant for a considerable range and that this is 
not true of the surface wind, an actual series of tests 
were conducted at Sandy Hook and at Aberdeen. Single 
theodolite observations were made simultaneously at 
Sandy Hook Proving Ground and at Long Branch, N. J., 
which are approximately 25 miles apart. Simultaneous 
observations were also made with two theodolites each at 
Aberdeen and Swan Point, Md., 26 miles apart, at opposite 
ends of the proving grounds. More than 100 observations 
were taken, and from the results it appears that between 
the stations at either proving ground the differences in 
the wind velocity at the same levels above altitudes of 
500 to 1,000 meters were, almost without exception, less 
than 4 per cent. It was, therefore, concluded that the 
result of the wind-aloft determinations, can be relied upon 
usually for practically every purpose within a radius of 
25 miles." 

A detail that was studied with interest was the effect of 
vertical convection currents upon the balloon as show- 
ing the magnitude of such currents and the height to 
which they are likely to ascend. Lieut. Tannehill has 
discussed some instances on pages 223-225, below. It was 
found that such currents are apt to exist from the ground 
to an altitude of about 1,000 meters, decreasing in 
intensity with altitude. As a general thing, during the 
daytime the bafloon’s rate of ascent is likely to be ac- 
celerated about 20 per cent for the first 300 to 400 meters 
of ascent, and then often diminished for the succeeding 
100 meters, after which it becomes constant. More 
rarely the reverse is true, the balloon rising less rapidly 
at the start. Occasionally, pronounced convection is 
evident up to 3 kilometers, and at times indications of 
strong solahed ascending or descending currents may be 
found at altitudes up to 10 kilometers. 

At the Signal Corps stations at the Army Balloon 
Schools at Fort Omaha and Arcadia, systematic observa- 
tions from kite balloons were made on the visibility 
possible in different conditions of the atmosphere. 


9Cf. Daily Weather Report, Upper-Air capemment, Metl. Off., London: Morning» 
afternoon, and evening wind maps are published daily (since Apr. 1, 1919) for the sur- 
face, 1,000, 2,000, 5,000, 8,000, 10,000, 15,000 feet and upper-cloud, and lower-cloud levels.— 


ED. 

10 Such is not the case, however, with data below 500 meters at Coast Artillery 
stations, as indicated by Col. W. E. Ellis in discussing ‘ Free-air data in the Hawaiian 
Islands, July, 1915’? (MONTHLY WEATHER REVIEW, 1917, 45:52-55). Experiments 
with 12-in. shells indicated that weather conditions at the battery a little way inland 
do not show the conditions on the coast or out to sea.—ED. 
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MAPS SHOWING WIND DIRECTION AND SPEED AT VARIOUS ALTITUDES 
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Fig. 3.—Winds Feb, 5, 1919. (The isobars on the first map are for inches pressure reduced to sea level, 2s and 3s have been omitted before 9,s and 0.s, respectively.) 
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Visibility charts were made twice daily showing (1) the 
extreme limit of vision, (2) and the limit of clear vision, 
in every direction from the observation point. 

The question of night pilot-balloon observations was 
investigated at a number of stations. The . various 
methods that have been employed to render the balloon 
visible at night are: (1) The suspension from the balloon 
of a small test tube filled with kerosene into the stopper 
of which a lamp wick is inserted, (2) a ball of tow bound 
with wire all saturated with kerosene, (3) a small 
electric flash light, (4) luminous paint, and (5) a small 
box constructed of tracing cloth containing a candle. 
In such devices the fire risk must be taken into account 
in case the balloon bursts at a low altitude. The method 
used overseas was the last one named, i. e., the candle 
in a tracing cloth box, and this far it seems to be the most 
satisfactory method. 

At Ellington Field, Tex., in cooperation with the 
Weather Bureau and the Engineer Corps, kite equipment 
was utilized to raise to altitudes of about 1,500 feet 
listening devices for detecting the approach of airplanes. 

A large variety of charts and tables have been made 
for calculation of vapor pressure, relative humidity, 
dewpoint, air density, temperature correction for barom- 
eter, wind velocity from chart of bafloon’s course, 
rate of ascent of pilot balloons, ballistic wind, ete. 

The methods in use for pilot-balloon work have been 
analyzed and studied, especially in regard to their degree 
of accuracy. In this connection, the following is of 
interest: For two-theodolite work a suitable plotting 
board will give results as accurate as the readings of the 
theodolites. For the altitudes and distances ordinarily 
reached in pilot-balloon work and with the present type 
of theodolite the most satisfactory length of base line is 
about 2,000 meters. When only two instruments are 
employed the general formulas for trignometric calcula- 
tion of the balloon’s position are: 


b sin B 
h=d tan e (A) 
where d equals horizontal distance from observation 
point (1). 

h equals altitude above observation point (1). 

» equals length of base line. 

A equals azimuth angle at observation point (1). 

2 equals azimuth angle at observation point (2). 

e equals elevation angle at observation point (1). 

e’ equals elevation angle at observation point (2). 


Both instruments are set with zero azimuth along the 
base line and in the same direction. 

This formula is impracticable when the balloon is 
nearly in a vertical plane through the base line, as the 
azimuth angles can not then be read with enough accuracy 
to avoid large errors in the calculation. In this case, 
the following formula gives more satisfactory results 
when the observing stations are at approximately the 
same altitude: 

b tan e tan e’ 
e—sin? A tan’e’ +Co* s A tan e’ 


A more usable approximation of the latter formula is: 
tan e tan 
tane +* tan e’ 


* The plus sign is used when the balloon is between the observing points; otherwise 
the minus sign is employed. 


120818-—19——2 


MONTHLY WEATHER REVIEW. 


221 


This latter formula is sufficiently accurate for azimuth 
angles less than 10° or 12°, which is the range at which 
formula (A) begins to break down. The difficulty 
observed in the use of formula (A) is also found in the 
use of a double-theodolite plotting board such as de- 
scribed, and in such a case it is customary to assume that 
the balloon is in a vertical plane through the base line 
and to use the two plotting arms for finding the hori- 
zontal distance and altitude by duplicating the base line 
sar two elevation angles, rather than the two azimuth 
angles. 

he accuracy of the single-theodolite method is only 
as good as the closeness with which the rate of ascent is 
known, and this is almost always within 5 per cent. The 
effect on the wind aloft is roughly within an error of 
5 per cent in the wind speed and the same error in the 
altitude for which the direction and speed are given. 
One precaution should be stated here; it sometimes 
happens that a balloon springs a leak at a certain altitude, 
and this may cause it to start descending instead: of rising 
at the assumed rate. (See graph 7, fig. 2, p. 213, above.) 
Since this may not be directly detected by a single theo- 
dolite the effect is apparently to increase the distance of 
the balloon from the instrument, and this in turn magni- 
fies the computed velocity. Therefore, when the single- 
theodolite method is employed, especial care should be 
paid to using only very perfect balloons and to see that 
the neck is sealed tightly before releasing. 

A further precaution in the use of balloons is to allow 
them to stand for a time outdoors subject to current 
conditions of sun and air, etc., before taking measure- 
ments of them, as it has been found that the temperature 
of a balloon exposed to the sun may be as much as 10° 
to 20° C. above that of the surrounding air. This causes 
considerable increase in its size and, therefore, in its 
lifting power. 

In regard to the organization of the military work and 
the standard methods of operation, it has been found 
advisable to separate the meteorological stations into 
two classes— (1) meteorological units for surface data, 
and (2) aerological units for upper-air data. Meteorolog- 
ical units are further subdivided into those of the first 
and of the second orders. A first-order meteorological 
unit is provided with complete meteorological equipment 
such as is found at regular stations of the U. S. Weather 
Bureau and is intended to be used at a more or less 
permanent sfation only. A second-order meteorological 
unit possesses only a limited amount of recording appa- 
ratus and emphasis is laid upon the portability of the 
equipment. In like manner, aerological units are divided 
into two orders—first-order units for two-theodolite 
work and intended for duty at more or less permanent 
stations, and second-order units with portable equipment 
for single-theodolite work. In actual practice com- 
binations of these units are employed, as, for instance, a 
first-order aerological unit and a first-order meteoro- 
logical unit are assigned to a permanent station which 
is to furnish complete data, and aerological and meteoro- 
logical units both of the second order are assigned to 
duty at mobile field stations. 

For the surface meteorological work the equipment used 
is all of standard Weather Bureau type, and the forms in 
use are similar to the corresponding Weather Bureau 
forms. For aerological work the standard equipment 
consists of special aircraft theodolites and pilot balloons, 
as already described. Hydrogen of good purity is used, 
furnished in steel cylinders having a capacity of 200 cubic 
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feet of gas at a algy ae of 1,800 pounds yer square inch. 
For obtaining the lifting power of the pilot balloon, an 
ordinary balance or scale pan with a set of metric weights 
is used at permanent stations for accurate work; for a 
portable field outfit a bronze chain is used with auxiliary 
weights. The chain is tied to the balloon and from the 
number of links supported the lifting power is obtained. 
For single-theodolite work a standard plotting board is 
employed, the idea of which was originally due to Sergt. 
Ist cl., E. R. Ryder, Signal Corps. It consists of a 
transparent celluloid protractor, whose surface is 
roughened in order to take a pencil mark, which revolves 
about a pivot in a board covered with cross-section 
paper. The board is illustrated in figure 4. The method 
of operation is as follows: By rotating the celluloid 
protractor, set the azimuth angle for the given reading 
on the scaled reference line O M; set the arm O R at the 
elevation angle read on the quadrant protractor on the 
cross-section paper; find the intersection of the altitude 
cross-section line (as read on the altitude reference line 
O N) with the arm O R and follow along the perpen- 
dicular cross-section line to the reference line O M and 
mark the point. This point is the horizontal projection 
of the location of the balloon for the given reading and 
the horizontal distance from start may be read from the 
scaled reference line if desired. This process is repeated 
for each reading and results in a series of points which 
determine the horizontal projection of the balloon’s 
path. To obtain the mean wind direction between any 
two porte, set the two points in question so that they 
lie along the cross-section lines parallel to the reference 
O M; the direction from which the wind blows is read 
at P in the units desired. The wind speed may most 
conveniently be measured by means of a special scale 
which reads the velocity directly in the units desired. 
The standard type of two-theodolite boards is an adapted 
form of this rs board and possesses all its advantages. 
(See = and discussion, by W. C. Haines and R. A. 
Wells, below.) Ballistic wind plotting may also be done 
on the same board at the same time in any convenient 
portion not in use for plotting the balloon’s course. 

Meteorological observations on surface conditions are 
taken at 8 a. m. and 8 p. m., 75th meridian time, and at 
12 noon, local time, and whenever balloon ascensions 
are made. Standard Weather Bureau practice is fol- 
lowed in the procedure. Cloudiness observations are 
made every two hours from 6 a. m. to 10 p.m. Regular 
balloon observations are made at 8 a. m.'and 4 p. m., 
75th meridian time, and whenever locally desired. 
When continuous reports on the wind aloft are required 
observations are made every three or four hours. Obser- 
vations of other character are made whenever desired by 
departments of the local posts. 

All of the meteorological work of the Army has been 
done in the closest cooperation with the U. $. Weather 
Bureau. The Weather Bureau furnished all the instru- 
mental equipment used by the Military Meteorological 
Service during the first few months, and the resources of 
the Weather Bureau and the counsel of the Chief of the 
Weather Bureau and his staff have always been available 
to the Meteorological Section of the Signal Corps and 
these have been used freely. Without this assistance 
from the Weather Bureau the early accomplishments of 
the Military Meteorological Service in the United States 
would have been of little consequence. 

The Meteorological Section of the Signal Corps was 
under the general supervision of Lieut. Col. R. A. Millikan 
from the beginning of its organization, during the war, 
and to December 31, 1918, and under the general super- 
vision of Lieut. Col. John C. Moore since that date. 
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Much credit is due the enlisted personnel for the work 
accomplished. Many of these men left responsible 
positions to become privates in the Meteorological Sery- 
ice. These men not only performed faithfully the work 
laid out. for them to do, but developed new methods 
and devices for doing the work. It is impracticable to 
mention individuals by name, because of the large 
number of men in the service who have accomplished 
work that would make them worthy of commendation. 
The personnel was made up mostly of graduate engineers, 
mathematicians, und employees of the 

‘eatber Bureau. 

It should be noted that no mention is made here of 
the meteorological work done at the actual battle front 
in France. The Meteorological Section of the Signal 
Corps had, however, about 15 officers and approximately 
300 enlisted men all trained in meteorology and aerology 
at the front, and it is thought best that the description 
of the accomplishments of this portion of the Meteoro- 
logical Section be lett to those who have been engaged 
in the work overseas." 


TWO-THEODOLITE PLOTTING BOARD. 


By W. C. Haryes and R. A. WELLs. 


[Dated: Weather Bureau, Washington, D. C., May, 1919.] 


This board (fig. 1) is identical with the one-theodolite 
board that is now being used in the Weather Bureau 
(essentially, that shown in fig. 4 opp. page 222), with the 
additional features of (1) a protractor, centered at B, 
and (2) an elevation scale, CD, both drawn on the cross- 
section paper base, and (3) a brass arm attached at the 
center of the celluloid protractor, A. The celluloid 

rotractor is superimposed on the cross-section paper 
nee so that its index point, or center, A, is at a distance 
from the index point, B, of the protractor drawn on the 
cross-section paper, corresponding to the distances 
between the two observing stations, or the length of the 
base line. 

The data are plotted in the following manner: The 
celluloid protractor is held securely with its zero on the 
south. The brass arm is set at the first minute’s azi- 
muth reading indicated by the theodolite at A station. 
A pencil mark is made on the celluloid protractor at the 

oit where the azimuth reading indicated by the theodo- 
lite at B station intersects the brass arm, as determined 
by the lines of the protractor on the base paper. Each 
successive minute is plotted in the same manner and the 
points are numbered 1, 2, 3, ete. 

As an example, let us take the data as to elevation 
angle and azimuths given in Table 1, and find the other 
data indicated in the table. 


TABLE l. 


Station A.--Zero=north. Station B.—-Zero= north. 


ra | Wind | 
| ind} 


Ele- Azi- . | direc-| 
vation | muth | tion Azimuth angle. 
angle. | angle. | | in de- per. } 
| Brees. | second. 
1 20. 0 310.0 550) 200] 315) 10.5 1 | 190.0 [315°=8. 
2 18. 1 315.0 1,255 | 410 | 324 10.7 2 | 205.0 324°=S. E. 
3 18.5 320. 0 1,820; 610 336 10. 2 3 | 220.0 336°=8. 8. E.} 
4 gi0|.......|.... | 240.0, 


18.5 | 3235.0 


“ Now in preparation for a later issue of the REVIEW.—Eb. 
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The distance between stations A and B is 2,800 m., 
which on the plotting board is as indicated on figure 1 
(the scale on the original being 1 cm. to 200 m.). The 
method of finding horizontal distances, altitude, wind 
directions, and velocities is as follows: 

Set the celluloid protractor with 0° on station B. Set 
movable arm at 310°. From B follow line on azimuth 
190°. Where the 190° line meets the protractor arm, 
lace point 1. The distance of point 1 from A is shown 
Gy the scale on the arm to be 550m. Set movable arm 
at 20° on the vertical quadrant CD (as now placed). 
Follow horizontal line from 550 on scale AC to arm. 
The altitude, which is measured by the distance on this 
horizontal line, is shown by the scale to be 200 m. ‘The 
same method of finding horizontal distances and alti- 
tudes applies to all other minutes. ‘To find wind direction 
at the end of the first minute move the celluloid protractor 
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so that A and point 2 are on the same vertical line, and 
read wind direction at C from the celluloid protractor. 
For the end of the second minute set points | and 3 on 
the same vertical line, and read direction at C. To find 
the velocity at the end of the first minute measure from 
A to point 2. The distance A to 2 is 63 mm. on the full- 
sized plotting board; 63 mm. is equivalent to 1,260 m., 
the distance traveled in 120 sec., or at a rate of 10.5 m./s. 
The same result would have been obtained by dividing 
63 by 6. For the velocity at the end of the second 
minute measure from 1 to 3, and divide by 6. The 
same method applies to all minutes following. Obviously, 
if the direction is changing from minute to minute, the 
velocities so computed will be somewhat too small. In 
practice, however, the results are sufficiently accurate, 
considering other sources of error. 


SOME OBSERVED IRREGULAR VERTICAL MOVEMENTS OF PILOT BALLOONS. 


By Lieut. I. R. TANNeEwILL, Signal Corps, Meteorological Service. 


{[Dated: Fort Hancock, N. J., May 30, 1919.} 


In a quiet atmosphere the rate of ascent of a pilot 
balloon does not differ materially from that computed 
from formula. For ordimary purposes it is a constant 
rate. When there is active, convection, however, there 
may be irregularities in the rate of ascent and the average 
vertical movement of the balloon may differ widely from 
that assumed. These variations from the computed rate 
are due, undoubtedly, to vertical movements of the air 
and may be taken as a measure of wpward and downward 
components of wind movements.t 

When there are ascending air columns, there must be 
rotary movements in many cases,* but these whirls do 
not appear in the horizontal projection of the balloon’s 
path, for this path shows only the movement of the 
balloon with lelabdcids to a point on the earth’s surface 
and the rotary motion would be such with reference only 
to the air in the stratum in which the balloon drifts. 
If there were a whirl under a cloud, the balloon would 
move in a spiral with reference to the cloud but not with 
reference to a point on the earth’s surface, unless the 
cloud be stationary. <A flight giving a wavy projection 
was replotted with reference to the air, by subtracting 
the average wind movement (in both magnitude and direc- 
tion) from each balloon minute’s movement. The result 
Was a circular path, as expected. It seems that when 
the balloon is rising at fates greater than that computed 
such unusual motion is evidenced by a wavy projection. 

The whirls which appear in the horizontal projections 
of the paths of pilot balloons seem to be whirls in another 
sense.” In these cases there seems to be a straight wind 
at any level, yet the balloon moves in a spiral course 
because it rises through strata with various wind move- 
ments. It does not seem likely from a study of such 
cases that the balloon would move in a whirl if it did 
not rise. 

lor these reasons —(1) that the balloon rises in a quiet 
atmosphere at a rate which is nearly constant and (2) 
that although convectional movements of the air may 


1 See pp. 211-212, above. 

*Dust whirls at times become cloud-capped; also the whole base of a large cumulus has 
been seen to rotate slowly.—'. F. B. 

fPhis explanstion may not be applicable vo those irreguiarities observed when local 
verticul curveats Inay not be present. Thus, R. Wenger (Ann. d. Hydr. u. Mar. Mex., 
1917, vol. 45, pp. 121-137), after considering the air resistance of spheres in air of varying 
devvees of turbulence and the observed variations in the rates of balioon aseents, con- 
cludes that ‘*Tie changes in the conditions of turbulence of the atmosphere explain 
qualitatively and quantitatively all variations which wre observed in the ascensional 
rates of balloons,” and that “It is not possible, from the variations of ascentionai rate 


to come to anv conclusions as to the verticai movements in the atmosphere.’’—c. F. B. 
2 See MONTHLY WEATHER REVIEW, Dec., 1918, 468 p. 553. 


be typically rotary, the balloon does not necessarily 
(and probably rarely does) move in a spiral with refer- 
ence to a point on the earth’s surface—it seems safe to 
use the irregularities in the rate of ascent of pilot balloons 
as an indication of vertical air movements. 

It is the object of this paper, then, to discuss briefly the 
irregularities that are observed in the ascensional rate 
of pilot balloons, particularly beneath clouds, as indicat- 
ing vertical movements of the air. 

As to unusual differences, the following is an illustra- 
tion: On June 13, 1918, at 1:20 p. m., at Fort Monroe, 
Va., a pilot balloon with an ascensional rate of 193 
meters per minute from formula * was observed with two 
theodolites to rise at an average rate of 396 meters per 
minute for five minutes before passing into a cumulus 
cloud. This occurred with a fresh northwest wind, 
temperature 23° C., and pressure 756 mm. In Table 1, 
the rate of ascent of this balloon is compared with others 
launched on June 12 and 13, 1918, at Fort Monroe. 


TABLE 1.—Heights of pilot balloons observed with two theodolites at Fort 
Monroe, Va., June 12 and 18, 1918. 


Date. | Time. 1 


j 
| 2 | 3 4 5 6 , ap | 
| | } | 
June 12,1918 1:05 p.m...... 200) 440) 700 20/1, 19511, 43011, 680 | 187) 240 
June 13,1918 | 8:25 a. m....... 150, 400) 760 930)1, 17011,270)1, 510 172| 216 
June 13,1918 | 9:38 a. m.......).... 520) 800 1,030)1, 220/1, 520/1, 750 1,960 2,150) 196) 239 
June 13,1918 | 1:20 p. m....../ 420 850/1, 250/1, 670)1, 980)....- 193] 396 
June 13,1918 2:30 p. m......| 270 350) 520, 600 


—— 


| 


In columns headed 1, 2, 3, etc., is shown the height of 
the balloon at the end of each minute. Column headed 
‘‘a”’ gives the computed rate from formula and column 
headed ‘‘b” gives the actual average rate taken from the 
height of the balloon at time of last reading with both 
theodolites. Heights are in meters and rates of ascent in 
meters per minute. 

It is apparent from an inspection of this table that 
there were local strong vertical movements during the 
afternoon of the 12th and the day of the 13th. There- 
fore, this phenomenal rate of ascent of one pilot balloon 
(396 meters per minute) was evidently due to atmospheric 
conditions. At 2:30 p. m., the same day, one hour and 
ten minutes later, a balloon was launched which rose very 
irregularly, as shown in the table. During the second and 


3 See pp. 211 and 218, above. 
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fourth minutes this balloon rose only 80 meters, while 
during the ninth minute it rose 275 meters. 

Cases in which balloons have moved upward much 
faster than expected are common, but an attempt by the 
writer to classify a number of these according to the kind 
of cloud in which the balloon disappeared did not give 
consistent results. It is, therefore, advisable to cite a few 
cases and show what may happen under such circum- 
stances. 

Since it appeared likely that topography affects the as- 
censional rate of a balloon during the first few minutes of 
flight experiments were made to determine the extent of 
this influence. 

On May 12, 1919, at Fort Monroe, Va., two pilot 
balloons were filled, partly with air, partly with gas, so 
that the free lift was exactly zero and the balloons when 
released, with care, remained stationary. They were 
tested in a room the temperature of which was practically 
that outside. There was at the time a layer of strato- 
cumulus covering the entire sky. The temperature was 
14.5° C., the pressure 759.9 mm., and the wind north, 
4. 4 m./s. 

The first of these balloons was released from the ram- 
part at 1:50 p. m., and during practically the entire 
time of flight it drifted over the bay. It was assumed 
that the balloon’s horizontal motion was that of the 
air, 4.4 m./s. From the distances by this assumption 
the altitudes were computed from elevation angle read- 
ings with one theodolite. This balloon rose irregularly 
to a height of 127 meters (from this assumption) on the 
13th minute. It then descended slowly to 120 meters 
at the end of 16 minutes. 

Balloon No. 2, released immediately afterwards, with 
a wind of 4.2 meters per second, rose (on a similar 
assumption) to a height of 694 meters on the 18th minute 
and then descended to 583 meters when lost at the end 
of the 21st minute. 

This north wind, coming from the water, was probably 
thrown upward in passing over the ramparts. Since 
the sky was clouded it is apparent that there was no 
appreciable heating effect on the balloon. These figures 
seem to indicate that local currents at the surface may 
affect the rate of ascent of a balloon during the first 
few minutes. Certainly, after that time, the influence 
of clouds in some cases may be marked. The errors 
which might arise in an assumption of a uniform ascen- 
sional rate from formula are obvious. 

lt has been shown that the actual rate of ascent may 
in some cases depart materially from that calculated from 
formula. What effect does such a departure have upon 
the wind aloft data secured from one-theodolite observa- 
tions, assuming altitudes from formula? An individual 
case may be interesting. 

At Park Place, Houston, Tex., January 6, 1919, the 
projection made from a balloon observation at 2:58 p. m., 
b0th meridian time, was as shown in figure 1. The ascen- 
sional rate of this balloon from formula was 182 meters 
per minute. There were at the time ten tenths of alto- 
cumulus clouds. Observations before the ascension 
showed the clouds to be moving from southwest by south, 
but from the flight it was found that the balloon was 
moving from the west on the 8th minute, or just before 
it passed into the clouds. One theodolite was used. The 
clouds were assumed from this observation to be 1,600 
meters high. 

Later, observations showed that the clouds were still 
moving from the same direction, southwest by south. It 
therefore seemed that the projection was in error. The 
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fact that alto-cumulus clouds should be much higher 
seemed to indicate that the assumed altitudes were 
wrong. Referring to figure 1, let us assume that the bal- 
loon moved from the 7th to the 9th minutes in the direc- 
tion in which the clouds moved. The locations of the bal- 
loon would have been at 8a and 9a instead of at 8 and 9. 
This would necessitate an ascensional rate of the balloon 
during the 8th minute of 400 meters per minute and dur- 
ing the 9th minute of 600 meters per minuie. The bal- 
loon, being lost during the next rinuic, the actual alti- 
tude of the clouds may have j.2cu over 3,000 meters. 


NV. 


ection oF 


FiG. 1.—-The solid line A to 9 is the path of the balloon projected upon the horizontal 
plane, and is from readings with one theodolite. The figures 1, 2, 3, etc., show the 
position of the balloon at the end of each minute. The figures Sa and 9a show probable 
positions of balloon at the end of the Sth and 9th minutes, from moveiment of clouds 
into which the balloon passed. From these distances, A-Sa and A-Ya, the corrected 
altitudes were computed, using the angle of elevation. 


That there was such an updraft under these clouds is 
possible. It began to rain at 9:40 p. m. 

The peculiar shape of this projection was not due to 
errors in observation, As a check, another balloon was 
launched at 3:28 p. m. and the same abrupt change in 
direction, using one theodolite, was shown. Errors in 
the assumed height, therefore, produce errors not only 
in distances traveled and consequently in wind speeds 
but produce serious errors in direction of the wind as 
obtamed with one theodolite, provided the balloon is 
not moving straight away from the station. 

* * * 
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In a paper by A. E. M. Geddes, published in the 
Quarterly Journal of the Royal Meteorological Society, 
April, 1915, volume 41, pp. 123-135, pilot-balloon observa- 
tions at the Observatory, King’s College, Aberdeen, are 
discussed particularly with reference to wind values aloft 
in relation to the gradient wind. The rates of ascent of 
the balloons are given, however, and tabulated according 
to the kind of cloud in which the balloon was lost. 

In the case of strato-cumulus clouds, it is stated that 
for corresponding lifting powers the upward velocities 
were greater than on clear days. (Cf. footnote ¢ on p. 
223.) No sudden increase, however, was observed on 
passing into the cloud. 

A sudden increase in upward velocity was observed in 
all cases but one where the balloon passed into cumulus 
clouds. In one of these flights, the balloon rose at a rate 
of 6.2 meters per second immediately before passing into 
the cumulus Sond This gives a rate of 372 meters per 
minute, which is not much different from the high rate 
noted at Fort Monroe on June 13, 1918. 

With fracto-cumulus clouds there was a sudden rise at 
thebaseofthecloud. This sudden increase was notsolarge 
as in the case of cumulus clouds. 

With stratus clouds there was a fairly uniform vertical 
velocity with no remarkable increase on entering the cloud. 

In conclusion, it is stated that ‘‘in making observations 
with one theodolite it consequently becomes incumbent 
on the observer to take note not only of the free lift of his 
balloon, but also to study the type of cloud into which his 
balloon is likely to disappear, and the tendency of the 
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barometer, before assigning any definite vertical velocity. 
Even then the assumption of a uniform vertical velocity 
is apt to round off corners and bring the condition of the 
atmosphere into a more ideal state than it really is. 
When a considerable altitude is reached, say over 3 
kilometers, surface influences will have disappeared, and 
the one-theodolite method may be superior to the other, 
seeing that the base is often small compared with the 
distance the balloon has traveled.” 
* * * * * 


In many instances there is not any sudden increase in 
rate of ascent when the balloon passes into cumulus 
clouds. This does not prove, however, that such vertical 
movements do not exist. With two theodolites the 
balloon is often lost at one station two or even five 
minutes before it is lost in or behind the cloud at the 
other station. The number of cases in which the balloon 
actually disappears in the cloud at both stations at the 
same time is comparatively small. Consequently it may 
be that in many instances the balloon passes behind the 
cloud or between two clouds. 

In conclusion, it may be said that inasmuch as it is 
often necessary to observe a balloon with only one 
theodolite or to continue an observation when the 
balloon is lost to one observer, it is necessary to make a 
careful inspection of clouds before concluding that the 
drift of the balloon as plotted represents the movement of 
the wind. <A considerable departure of the actual from 
the computed rate will, with one-theodolite observations, 
produce a serious error in the wind data deduced. 


THE WORK OF THE AEROGRAPHIC SECTION OF THE NAVY! 


By Lieut. Commander ALEXANDER McAnpig, U.S. N. R. F., Senior Aerographic Officer. 


(Dated: Harvard University, Blue Hill Observatory, Readville, Mass., Mar. 27, 1919.] 


Early in January, 1918, the Assistant Secretary of the 
Navy asked Prof. McAdie to supervise the organization 
of an aerographie section in the Navy. Enrolling as 
lieutenant commander in the Reserve Force, this officer 
reported to Capt. N. E. Irwin, United States Navy, Di- 
rector Naval Aviation Operations. He sailed for Europe 
early in April, accompanied by eight aerographic officers 
to take over certain observations in the British Isles and 
France. 

Instruction in meteorology had been given in a general 
way at a number of naval air stations, but definite work 
in aerography,? similar to that carried on at British, 
French, and Italian air schools, may be said to have had 
its beginning on December 3, 1917, when the first group 
of students who had finished the course in the Ground 
School at the Institute of Technology, reported at Blue 
[ill Observatory for an intensive course of instruction in 
aerography. To aid in the rapid establishment of the 
service, Lieut. W. F. Reed, jr., also gave considerable 
practical and theoretical instruction at Pelham Bay, 
N. Y., during January, February, and March, 1918. A 
knowledge of the structure of the atmosphere, the relation 
of wind and pressure, the variation of wind with height, 
eddy motion, turbulence in relation to. gustiness, the use 
of sounding and pilot balloons, forecasting for aviators 
at foreign and home stations, and some familiarity with 
the work of modern investigators—Dines, Shaw, Rotch, 
Gold, Cave, Taylor, and others—were regarded as neces- 
sary. As the instrumental equipment of the observatory 


1 Published by permission of the Secretary of the Navy. 

2“ Aerography” as here used is practically synonymous with “ meteorology,”’ except 
that it implies that the main emphasis of the work had to do with free-air condi- 
tions,— 17ToR, 


includes many European instruments not found elsewhere 
in this country, students had opportunity to familiarize 
themselves with such instruments. The work was upon a 
postgraduate basis and the men entering were required 
to hold university degrees or possess a training equivalent 
to that required for a degree at the Massachusetts Insti- 
tute of Technology. In all 56 men took the course. 
These (with the exception of four) received their com- 
missions as ensigns. Twenty-eight American universi- 
ties or colleges were represented. Of the whole number 
22 had foreign service. 

Through the courtesy of the British Admiralty, officers 
upon their arrival in Europe were permitted to spend two 
wecks at selected air stations, and thus get in touch with 
latest developments. 

The British Admiralty also kindly agreed to furnish 20 
complete outfits for aerographic observatories (see Fig. 2, 
opposite p. 227, below). 

Many of the officers were elected Fellows of the Royal 
Meteorological Society and while in London were made 
welcome at the library and offices of the society. We 
were also made to feel at home in the Meteorological 
Office and were allowed the privilege of being in the 
Forecast Room when work was in progress. It must be 
remembered that at this time all weather information 
was confidential. Harmonious relations were main- 
tained with the Air Service of the Army in France. 
Lieut. Commander McAdie and Maj. Bowie had many 
conferences at the Bureau Central Météorologique, and 
received every courtesy from the director, Prof. A. Angot. 

By this cooperation, the Navy aerographers on the 
coasts of Ireland, England, and France became part of 
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the receiving and distributing network of weather-report- 
ing stations. Reports from sea, however, were scant, 
owing to the ban upon the use of radio. 

At each observatory, when in full working order, there 
were two aerographic officers and six quartermasters, 
class A, aerographic. Commanding officers could thus 
call for information and advice at any hour of the day 
or night. Sondages at some important coast stations 
were taken every two hours. Many commendatory re- 
ports have been made regarding the service in connec- 
tion with the operation of both lighter-than-air and 
heavier-than-air machines. Particularly in connection 
with the successful operation of blimps was the value of 
wind directions and velocities at different levels apparent. 
At some stations the number of hours of patrol increased 
decidedly after the establishment of the aerographic ob- 
servatory. In addition to surface and flying level winds, 
the aerographer was expected to forecast visibility and 
especially advection fogs and sea fogs. ‘Thunderstorms, 
gustiness, changes in the lapse rate (vertical gradient) 
of temperature as well as horizontal gradients, heavy 
rains, likelihood of snow at high levels, frosts, and sur- 
face temperature inversions were regarded as subjects 
bearing directly upon the safety of fliers and therefore 
to be noted and investigated with all diligence. 

At first, American naval aerographers followed rather 
closely the methods of the British observers in the Hy- 
drographic Department of the Admiralty, but in France 
they soon discarded the old English units and also modi- 
fied materially the methods of work. Many good sug- 
gestions came from various members both in the field and 
at home. The two-theodolite method originally used at 
Blue Hill was soon displaced by the one-theodolite 
method of following pilot balloons, and while it is fully 
recognized that this method is open to criticism, it is 
quick and worked fairly well in actual operation. Several 
rapid methods of calculation were designed by the officers 
at Blue Hiil. All of these can not be described here, but 
those of Ensigns Davy, Twitchell, and Mall were success- 
fully tried out. Inasmuch as a short review of some of 
these methods may be of interest to others working in 
this field, I append a note by Ensign Mall, which, while 
not describing his own automatic device, gives briefly 
the cardinal points of the Davy Rapid Calculator and 
the Twitchell Vector. An extended paper on the subject 
has been prepared by Ensign Twitchell, but can not be 
given here. Ensigns Townshend, Parsons, and Davy de- 
signed an automatic balance for use in filling balloons, 
giving free lift and dead weight. Ensign RuKeyser de- 
signed a cage for approximately determining free lift, for 
use Where other methods could not apply. 

Some studies of the depth of the sea breeze in the East 
Gulf were made by Lieut. Reed at the Pensacola station. 

During the absence of Prof. McAdie abroad, the follow- 
ing lectured to the classes: Chief Observer L. A. Wells, 
Ensigns Keyser, Buck, Townshend, Davy, Parsons, Mall, 
and RuKeyser. Lieut. R. F. Barratt was in charge of 
foreign stations after the return of the senior aerographic 
officer to the United States. 

Eighteen stations were established in France, six in 
Ireland, and two in Italy. An account of the equipping 
and instrumental work in the United States is given in 
the following note by Commander Jewell. 
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WORK OF THE NAVAL OBSERVATORY IN CONNECTION 
WITH NAVAL AEROGRAPHY. 


By Commander C. T. Jewetr, U.S. N., Retired. 
Communicated by the Superintendent, Naval Observatory, Washington, Mar. 14, 1919] 


The Naval Observatory’s proper function in the 
development of aerography was the procurement and 
issue of suitable instruments. This was accomplished 
under the superintendency of Rear Admiral T. B. Howard, 
U. S. N., retired. 

When the policy of establishing naval flying stations 
at home and abroad was definitely adopted in the sum- 
mer of 1917, the Observatory, on its own iniative, added 
to the allowance list an aneroid barometer, a wet-and- 
dry-bulb psychrometer, and a masthead anemometer, all 
Navy standard articles of which there was a stock on 
hand, so-that the Air Stations could keep a record of 
weather conditions commensurate with that kept .on 
board vessels of the Navy. 

The following winter it developed that there was need 
of more extensive equipment. An appeal to the Observa- 
tory was made in December, 1917, for pilot balloons and 
theodolites for air sounding, and in the following summer 
the Observatory went into the market for a full set of 
meteorological instruments for air stations in the United 
States. 

A step in advance in the way of cooperation with 
foreign observers was made at this time by having the 
charts on which records were kept by recording instru- 
ments of various types printed in metric and centigrade 
scales rather than the usual English units. 

Wind vanes were supplied without registers, for 
visual observation only, as it was early recognized that 
our business dealt with the upper air currents and not 
with the surface winds. 

An anemometer recording the passage of air equal to a 
wind movement of 1/60 of a mile had been adopted for 
naval use before the war. These were issued to Air 
Stations at home. Air Stations abroad were supplie:| 
with instruments obtained abroad without any action 
on the part of the Observatory. 

After supplying instruments recording in metric units, 
the pressure, temperature, and humidity at the stations 
on a the Observatory turned its attention to wind- 
measuring instruments. The Draper Instrument Co., of 
New York, supplied 20 anentoscopes of their design. 
These instruments show the exact direction of the wind 
at any moment, giving a record which illustrates the 
variability of the wind as well as its general direction. 
For wind pressure and velocity, the department finally 
adopted a modification of Dine’s anemobiagraph. 

The development of the Aerographic Service at the 
home stations is practically the work of Ensign E. B. 
Buck, U. S. N. R. F. First he had charge of the 
aerographic students at the Blue Hill Observatory; later 
as an assistant to the Director of Naval Aviation, he 
advised as to the detail and station of the aerographic 
officers he had trained, and finally, as an assistant to 
the superintendent of the Naval Observatory, he han- 
died the minutia of getting the home stations equipped 
and operations started. Key West, Miami, Chatham, 
Halifax, and San Diego were actually at work keeping 
records and making forecasts at the time the armistice 
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Fic. 1.—Gradient velocity scales, for use on British daily weather report charts (scale 1/20,000,000). 
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Fic. 2.—Meteorological hut, U. S. Naval Air Station at Wexford, Ireland. 
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was signed. Bay Shore had been equipped, but never 
operated. Halifax and Chatham were supplied at this 
time with em for pilot-balloon work, and five 
complete outfits for France were on the wharf awaiting 
transportation. 

In addition to the Air Stations above named, Bruns- 
wick, Ga., and Hampton Roads, Va., have since been 

ut on an operating basis. Rockaway Beach, Long 
[sland, N. Y., has also been equipped. Several of our 
stations are now regularly cooperating with the Weather 
Bureau, sending in daily reports "4 conditions in the 
upper air and receiving regular forecasts. At nearly all 
the patrol and flying stations, commanding and flight 
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officers are kept informed constantly of the force ard 
direction of the wind at flying levels and of the weather 
to be expected during practice hours.! 

For more than a year the Observatory has been work- 
ing to secure a suitable recording instrument for measur- 
ing meteorological conditions in the upper air while 
carried by a seaplane in flight. Two forms of instru- 
ments for this purpose are now nearing completion. 
Their perfection will complete the instrumental outfit for 
Naval Aerography. 


1 See map p. 209 for location of the naval aerological stations, 


METEOROLOGY IN THE NAVAL AVIATION SERVICE OVERSEAS. 


Ruy H. Finca, U.8.N.R.F. 
(Dated: Weather Bureau, Washington, Feb, 14, 1919.] 


Aside from bombing a few ports held by the Central 
Powers and some convoying of ships, the work of naval 
aviation was primarily hunting submarines. Hence fore- 
casts and data were mainly for use over the ocean. 

Forecasting for the coastal waters of northwestern 
Europe presented many difficulties, especially to those 
who had been accustomed to having a freed expanse of 
land to the west from which reports are received showing 
the more or less regular progress of H1GHs and Lows. 
There, too, one had to deal with a series of Lows with 
only occasionally an intervening traveling Hicu, The 
Hicus that most commonly affect the western coast of 
EKurope—oceanic conditions—are the slowly shifting, 
sometimes stationary ones either of continental origin or 
from the Azores region. The first intimation of the ap- 
proach of a storm to northwestern Europe in the absence 
of wireless reports from the Atlantic is from the effects due 
to the storm itself—the formation of cirrus and other 
characteristic clouds, the falling of the barometer, and 
the backing of the wind at the westernmost stations. 
This latter often seems to anticipate a fall of the barom- 
eter, but it is still a mooted question whether the backing 
of the wind precedes or accompanies the change from 
stationary, or rising, to falling barometer. 

At many of the American stations it was impossible 
to get the British forecast, or any reports, in time to 
help in making the morning forecast; and one had to 
be guided by local conditions and by old reports. The 
backing of the wind and fall of the barometer would 
herald the approach of a storm; but, of course, only a 
short time res the onset. Clouds, however, gave 
more advance information of the coming Low. Along 
the western coast of France and over the British Isles 
the wind circulation nearly approaches the ideal circu- 
lation found in well-defined storms over the ocean. 
Most of the meteorological huts were stationed along 
or near the coast, usually near the landing places of the 
seaplanes, and were excellently situated for cloud 
observations. By noting the appearance and direction 
of clouds of the cirrus level, and the time interval before 
the developing of alto-types, one could get a good idea 
of the intensity and distance away of coming storms. 
By noting departures from expected wind direction and 
cloud movements, and assigning a reason for such 
departures, one could often locate secondary depres- 
sions, even when they were passing to the south of the 
observer. When low clouds prevented good cloud 
observations one had to be guided by the wind direc- 
tion and the barometer. In many cases elaborate cloud 
observations were unnecessary, for short-range fore- 
casts—6, 12, and 24 hours—were all that were desired. 


Synoptic charts were drawn, and, though usually too 
late to be used in making morning forecasts, they gave 
a good check on the interpretation from local conditions, 
and aided one in studying the causes and effects of 
weather happenings. In cases where synoptic charts 
were avaiable in making forecasts they were used only 
in conjunction with local conditions. Land-and-sea- 
breeze conditions occasionally afforded easy forecasting 
of wind velocity and direction. 

Forecasts included wind velocity and direction from 
the surface up to 2,000 or 3,000 feet, weather (rain or 
fair), height of clouds if low, and visibility. At stations 
where dirigibles were used forecasts had to be more 
definite and a closer watch kept of the weather than at 
seaplane stations. 

Visibility is of prime importance in hunting sub- 
marines from aeroplanes. A haze that would permit 
of fair discernment of large objects would completel 
obscure a periscope or a submarine slightly salichiciied 
The forecast of visibility was for the distance in miles 
at which selected objects could be clearly seen. Colored 
glasses for observing through haze were used with 
some success. By noting the causes of poor visibility, 
and by correlating visibility at sea with the visibility 
and general conditions near the meterological hut, one 
could make good forecasts of the visibility seaward. 
Although a qualified observer, it was mage for visi- 
bility correlations that the writer went up on a patrol 
as observer. 

The British forecasts always included the gradient 
velocity, which was assumed to obtain at 1,500 feet. 
The British Admiralty, however, were inclined to take 
2,000 feet as the average level at which the gradient 
velocity is reached. The current gradient velocity 
was obtained from the weather map by means of trans- 
parent scales similar to those drawn in figure 1. They 
were calculated for the latitude of the British Isles for 
use on the daily weather reports (scale 1/20,000,000) with 
isobars drawn for every 5 millibars. Several radii of 
curvature for both cyclones and anticyclones are usually 
given, and one or two trials will usually show the curve 
nearest the required isobar. Then, by noticing where 
the next isobar crosses the scale, the wind velocity is 
read off. From theoretical considerations of the decrease 
of density and the pressure gradient with increase of 
elevation tables have been computed giving velocities 
for all elevations up to 30,000 feet corresponding to 
gradient velocities at the surface. They were but little 
used and are of doubtful accuracy. 


1 See discussion of forecasting in western Norway: MONTHLY WEATHER REVIEW. 
Feb., 1919, 47: 90-95 
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Wind velocity and direction aloft were obtained by 
means of pilot balloons, and all stations were supplied 
with equipment for making pilot-balloon ascents. The 
ballons were inflated to give a rise of 400 or 500 feet per 
minute, according to the size of balloon used. This 
rate of rise facilitated rapid calculation; and by the 
single-theodolite method, with the theodolite near the 
office, two men could take the data, make the hori- 
zontal projection of the balloon path, and within one 
minute from the time the balloon was lost, complete 
the tabulation of the wind velocity and direction for 
all levels reached. A check on the rate of rise was 
sometimes made by the two-theodolite method. It 
showed that a balloon with the 500-foot rate varies from 
425 to 600 feet per minute, though usually it is not very 
far from 500 feet. Such a departure from the assumed 
rate would cause a large percentage of error, but for 
velocities most suitable for live it would mean an error 
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of only a few miles an hour. In making night ascents 
a mall candle lantern was tied to the balloon. 

Data from the pilot-balloon ascents &s well as from 
surface instruments were used in plotting dead-reckon- 
ing courses for seaplane patrol. The wind direction 
was given in degrees to facilitate computing the drift 
angle, as most patrols consisted of many courses. Sur- 
face-wind data were obtained from the Dines anemograph, 
which gives instantaneous wind direction and velocity. 
In case the outlook was unfavorable for a dawn patrol 
upon the advice of the station meteorological officer 
the planes were not taken out of the hangars; and if 
dangerous winds were expected when planes were out 
it was the duty of the meteorological officer to see that 
they were recalled. 

The type of meteorological hut used in British and 
American air stations is shown in the accompanying 
photograph (fig. 2). 


1 See pp. 221, above. 


BLUE HILL METHODS OF “PILOT BALLOONING.”’ ! 


By Ivor Matt, Ensign, U.S. N. R. F. 


[Dated: Blue Hill Observatory, Readville, Mass., March, 1919.] 


Pilot balloons are used to determine wind velocity and 
direction at various altitudes. To accomplish this, the 
balloon is released and its successive positions at intervals 
of one minute are observed through a theodolite. The 
vertical, or altitude, angle, and the azimuth, or horizon- 
tal, angle are noted at each of these minute intervals. 
From these data, and an assumed constant rate of ascent, 
the velocities and directions at different levels are cal- 
culated. 

The solution of the data makes use of simple geometric 
and trigonometric principles. In order to make the oper- 
ation more vivid, it is well to concentrate the attention 


Fig. 1.—A represents the point at which we are standing and what we shall call the base: 
C is the position of the balloon; B is a point projected vertically below C; @ is the 
recorded vertical angle. . 


on the procedure and try to visualize what happens when 
the balloon is released, and then to determine the value 
of the recorded data. | 

Let us stand with our-backs to the wind and with a 
properly inflated balloon at hand. We will assume that 
the balloon when released will have a constant rate of 
ascent (150 m./min.). We release the balloon and it starts 
to rise and is carried out and away from us by the force 
of the wind. At the end of one minute we observe its 
position with the theodolite. According to our assump- 
tion its height is 150 meters. We record the vertical 
angle. This is represented in figure 1. AB represents 
the horizontal distance with respect to the earth that 
the balloon has traveled in one minute. If we divide the 


To find AB we have the following trigonometric rela- 
tion: 
BC cot 6= AB. 


With AB determined we convert it into terms of veloc- 
ity as explained above. 

The above description shows what has happened in the 
vertical plane. If the wind direction were constant, this 
reasoning would be sufficient, but as this is not true 
another condition is introduced the explanation of which 
follows. 

Let us go back to the point where we released the 
balloon. We observe its movement at minute intervals 
as it moves away. After a few minutes we notice that 
the balloon is being deflected to our right. This would 


BASE _L/NE 


Fic. 2.—B is the base; A and O are successive positions of the balloon at any interval; 
A’=azimuth of position A; A’’=azimuth of position 0; 6’=difference in azimuth; 
¢=angle between line of sight of nearest position of balloon and the line of travel of 
the balloon. 


lead us to the conclusion that the wind at the higher 
levels is from our left rear. In other words, the wind 
direction is changing as we go aloft. This variation is 
measured by noting the change of the horizontal angle, or 
azimuth. A movement takes place laterally with respect 
to the horizontal plane, which is represented in figure 2. 
The line AO represents the true baliocs travel, hence its 
velocity. As a balloon has been blown from A to O, it 
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— distance AB by 60, we obtain the wind velocity in meters | 
se per second (m./s.). 

a 1 Published by permission of the Secretary of the Navy. 
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also shows the direction of the wind as indicated by the 
arrow. It is now necessary to obtain the direction of AO 
with respect to the ‘‘base line.” 

If the line of sight BA is extended it forms with AO 
the definite angle ¢. It is obvious that if ¢ is added to 
A’ the true direction of AO with respect to the base 
line is obtained. 

A complete observation will necessitate dealing with 
motion in both the vertical and horizontal planes. The 
“Davy Calculator” (fig. 3), combines polar and rec- 
tangular coordinates, and thus makes it possible to 
represent both planes on the same surface. <A reference 
to the ‘Davy Calculator,” figure 3, will show that an 
application of rectangular coordinates gives a graphical 
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To apply to “Calculator” (fig. 3). 

1. Read up on the left-hand scale (vertical distance in 
meters) to 150. Follow this over to where it intersects 
the altitude angle 31.8°. Project this intersection verti- 
cally downward to the bottom scale, and read horizontal 
distance and _ velocity directly. (Dist.=220 m.; 
vel.=4 m. p. s.) The direction from which the wind 
is coming is the same as the azimuth. 

2. Read up on the left-hand scale to 300 meters. 
Follow this line over to where it intersects the vertical 
angle 35.6°. Project this intersection vertically down- 
ward to the bottom scale. Reference is now made to 
the accompanying figure 4. 

X is the point just established on the bottom scale. 


solution of the relation, BC cot@=AB. The polar With BX as a radius and B as a center, describe an are 
DAVY RAPID CALCULATOR CHART 
DEGREES 
WINO VELOCITY IN METERS PER SECOND (ANY TIME INTERVAL) 
! 2 3 5 6 a 3 42 13 15 \6 i9 20 21 22 23 24 25 26 27 28 29 30 3 32 
2100 Wie ] A. AAS aN IN \ \ ai in \ 
COR 
> \| \ \ 
20 a \ \ \ \ \ Li ty 
\ } j 
TV | | 
100 | 
U.S. Naval Air Station 
NAVY DEPARTMENT_8UREAU OF NAVIGATION Observer......... Date 
Fig. 3. 


coordinates form a graphical solution of a change in 


azimuth. To show the use of the ‘‘Calculator,’ the 
calculation for the following data will be followed 
through. 

Time. Height. Altitude. Azimuth. Velocity. Direction. 

Meters. ° MIs 

300 | 35.6 93.2 3.0 | 97.5 
600 | 33.1 101.0 | 4.5 | 115.2 
750| 31.4] 107.0 | 4.5 124.0 


of a circle equal to the difference in the azimuths | and 2 
(2.7°) and establish the point Y. Project vertically 
downward from Y and establish the point Z on the 
bottom scale. The velocity for the second period of 
observation is equal to (BZ—BW)=WZ=3.0. 

If the angle YWZ (7.0°) be added to the azimuth of 
the previous observation, we obtain the direction of 
WY, or (90.5 + 7.0) =97.5°. 

Follow through identical steps for all observations. 

The following points should be noted: 

1. If the difference in azimuth if 5° or less it is not 
necessary to swing up through this angle to obtain the 
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velocity, as the second point when projected down will 
nearly ‘coincide with the first: but it is necessary to 
swing this point up to obtain the change in direction of 
the wind. 
The angle ¢ will not always be added to the pre- 
vious azimuth. <A set of four rules is furnished with 
the “Calculator” which are to be applied in determining 
the wind direction. 


| 
| 
| 
| 
| 


¥ 
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THE ““TWITCHELL”’ METHOD. 

This method aj pplies a mechanical device to the 

Calculator” which makes the manipulation much 
easier, simple r, and quicker to follow through. A gradu- 
oie celluloid scale 1s pivoted at the origin of the eal- 
culator as shown in figure 3. 

The point O is pivoted at the origin of the “Calculator.” 
the scale OBX is graduated in the proper relation to the 
scale of the calculator, so that it reads directly in m. p.s. 


600 


450 30 
IO0+ 20 
150 + 
2 ee E | 
| 


Fic. 5—The “ Twitchell’”’ method. 


At a radius of about 20 cm. from O there is a modified 
vernier scale, AB. The arc AB is made to equal exactly 

° of a circle of that particular radius. On the cal- 
culator it is necessary to have only 10° divisions as the 
scale allows for any fr action between these divisions. 

The use of the rule is as follows: 

We will assume the same data as before. 

Read up the left-hand distance scale to 150 meters. 

Set the lever so that the ruled edge lies on the 31.8° line. 
Read over on the 150 meter line until it intersects this 
edge. Follow this point vertically downward to the 
sesle below. Move the lever down so that the ruled 
edge coincides with the bottom of the chart and read 
the velocity from the lever in m. p. s 

2. Read up the left-hand distance sc: cale td 300 meters. 
Set the lever to read the vertical angle 35.6°. Find the 
intersection with the 300-meter line and project the 
point vertically downward to the bottom scale. By 
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means of the lever establish the point Y as in figure 3, 
By means of an auxiliary scale measure the horizontal 
and vertical distances of this point from the point W, 
figure 3, and lay them off from the origin. They deter. 
mine a point which in turn determines ¢. Let the lever 
measure this angle (7.0°). Add this to the ger 
azimuth and obtain the wind direction (99.5 + 7.0) =97.5 
The distance WZ gives the wind velocity. 

The steps are the same for succeeding operations. 

The same rules for finding wind direction apply as 
with the *Calculator.”’ 


BRITISH PILOT-BALLOON METHODS: THE SHOEBURYNESS 
SYSTEM. 


[Reprinted from Meteorological Office Circular 30, Nov. 26, 1918, pp. 1-2.] 


The following is a description of the double-theodolite 
method in use at Shoeburyness: The method is a combi- 
nation of graphical and slide-rule methods. On a large 
drawing board there are fixed two of the radial charts 
supplied by the tose al Office, joined so as to have 
lines radiating to the left as well as to the right. The 
common center of ae charts represents the home sta- 
tion. A paper protractor (obtamed by cutting up a 
radial chart) is arranged so that its center is at a distance 
from the center of the radial charts equal to the length of 
the base between the theodolite-stations on a scale of 2 
cm, to 600 feet; the bearing of the center of the protractér 
is the bearing of the distant, from the home, station. The 
whole is covered with a sheet of tracing paper on which the 
path of the balloon is plotted. The tracing paper is 
renewed when necessary, but the radial charts seldom 
require renewal. Two Chesterman steel tapes are pivoted 
one at the center of the radial chart and the other at the 
center of the protractor. The home theodolite is set with 
azimuth N.=180° and the distant theodolite with zero— 
bearing of the home station. The steel tapes are set 
according to the simultaneous readings of the azimuth of 
the balloon, and their intersection on the plotting tables 
gives the projection of the balloon. Suecessive positions 
at intervals of one minute are plotted in this way. The 
wind speed is obtained directly in feet per second by 
measuring the distances between successive points. As 
the scale is 2 em. to 600 feet the speed in feet per second is 
measured on the scale of 2 cm. to 10 f./s. The wind- 
direction is obtained by setting a rolling parallel ruler 

along the line joining two successive points; the ruler is 
then rolled until it coincides with one of the lines of the 
radial charts. This gives the wind-direction directly. 
The distances from the intersections on the charts to the 
origins are read off on the stee! tapes, 2. cm. being taken as 
the unit. These give Heotl/600 for each station where 
H is the height in feet above the station from which the 
elevation of the balloonis KE. From this the height above 
each station is computed by slide-rule. A pilot balloon 
slide-rule is used; 1 on the inner slide is set against 6 on 
the main slide. The tangent cursor is set to the comple- 
ment of the angle of elevation and the inner slide is “wl 
set so that the horizontal distance of the balloon from 
either station, as measured on the plotting board, falls 
under the cursor. Height in feet is then read against 
the end of the sine-scale. 

The ends of the base and the office where the computing 
is done are connected by telephone. The telephone 
installation is arranged so that any observer who is using 
the telephone can speak to and hear either of the other 
two. This is the case whichever base is being used. 
Five observers are required; they are allocated as follows: 
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Two at the station from which the balloon is being 
released (the home station). 

One at the other station (the distant station). 

Two in the office computing. 

At the home station, one of the observers follows the 
balloon. The other, who is at the telephone, gives the 
needful time signals and transmits the observations of 
his own station to the office: the observer at the distant 
station transmits his own observations on hearing the 
time signals given by the home observer. To prevent any 
confusion, the routine adopted is for the distant observer 
to send his readings through first, and for the home 
station to send theirs immediately afterwards. 

In the office there are two computers. The one who is 
wearing the telephone receives the observations and notes 
them on the special form, at the same time giving them 
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verbally to the second computer, who plots them on his 
radial chart and reads off the values HeotK/600, wind 
speed and direction. He gives these to the first computer, 
who enters them on the form and, by means of the slide 
rule, calculates the height of the balloon above each 
station. The necessary computing is done before the 
reading for the next minute becomes due. Thus the 
whole work can be done during the balloon ascent, and 
results are obtained just as rapidly as with single-theodo- 
lite observations. 

Telephone connections are available at each angle of a 
triangle, which is nearly equilateral, with sides which are 
about 4,000 feet long. The base used may be any one of 
the sides of this triangle, and the particular side to be 
used is that which will be most nearly at right angles to 
the path of the balloon. 


FREE-BALLOON FLIGHT IN THE NORTHEAST QUADRANT OF AN INTENSE CYCLONE. 


By Lieut. C. LeRoy MetsinGEr, Signal Corps Meteorological Service. 


[Dated: Fort Omaha, Nebr., Mar. 26, 1919.] 


At 3:37 on the morning of March 14, 1919, the writer 
yarticipated in a free-balloon flight from Fort Omaha, 
Neby. The balloon had a capacity of 35,000 cubic feet 
and carried a party of five, piloted by Lieut. Ralph A. 
Reynolds. Owing to a somewhat gusty east wind, 
which seemed to bear the balioon down upon the ground, 
the oscillations of the bag were so severe as to cause the 
basket to erash into the ground on the getaway, rendering 
the barograph useless. Nevertheless, the whole experi- 
ence was one of beauty—the full moon above the fog 
billows, the sunrise, and finally the landing in the fog. 
At 9:10 a landing was effected in a field about 8 miles 
southeast of Geddes, 8. Dak.—an air-line distance of 322 
kilometers from the starting point. 

Table 1 is a summary of the flight: 


TanLe 1.—Record of free-balloon voyage, Mar. 14, 1919. 


| 
Altitude | 
| 


(alti Prohable 
meter | dire - | Tempera- 
Time. set Oat | tion of Remarks. 
| Port | travel. } 
| Omaha). | | 
| 
A. M. | Feet °F 
1,750 | | 30 Above clouds, 
1,750 | | an Do. 
«re 1,800 | N. | 30 Do. 
‘23. 1,850 | N. | 30 | In clouds. 
| NW. | Do. 
4:52. | 1,850) NW. | 26 Do. 
| assol Nw. | Do. 
4322 1, 900 NW. 26 Do. 
} 1,950| NW. | 2h Do. 
1,890 | Ww | 22 Do. 
1,825 22 Do. 
6:22 1,659 Ww. 21! Trail rope touched ground at abeut 6°30 
83700} | 28 | In clouds. 
: : Above clouds. 
| Do. 
Above clouds; first appearance of sun. 


Above clouds. 
Do. 
Do. 
| In clouds. 
Do. 


Do. 


1 Thermometer of cheap commercial make. 

2 Left ground. 

3 Altimeter reset by about 1,100 feet after trai! rope touched ground. 
4 Temperature unceriain, as thermometer was not shielded from sun. 
6 Landed 8 miles soutbcast of Geddes, S. Dak. 


First, let us consider the pressure distribution on the 
morning in question, namely, March 14. (See fig. 1.) 
There was an area of high pressure over eastern Canada 
and a low-pressure area centered in northern Colorado. 


The gradient was quite steep, due to a pressure difference 
of over 50 millibars (observed difference 1.68 in.) be- 
tween the two centers. The isobars of the Middle West 
were almost parallel in a northwest-southeast direction. 
Because of this steepness of gradient, high winds in 
this region were to be expected. During the day the 
center of low pressure moved in a northeasterly direction, 
and in northern Nebraska there were ver yhigh winds, 
accompanied in the afternoon by terrific hailstorms and, 
in several places, by smali tornadoes. This leaves little 
doubt as to the eddying and somewhat turbulent state 
of the atmosphere in this vicinity. 

On the morning of the departure the wind was easterly 
on the surface and quite gusty. The sky was overcast 
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* Fic. 1.—Weather map, 7 a. m., 90th meridian time, Mar. 14, 1919; and probable 


route taken by the balloon, 


with a very low stratus sheet, the base of which was not 
over 300 feet above the ground. As nearly-as could be 
judged, these clouds were moving about 9 meters per 
second from the east. The balloon, of course, left the 
ground mowing [went and maintained this direction while 
passing into the clouds. Quickly passing through the 
cloud , for it was not very thick, we encountered 
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a new stratum of air moving in a new direction and with 
considerably greater speed. The sky above was clear. 
In the southwest the full face of the moon, orange- 
colored, beamed over the soft blue-gray fog billows. 
Our new direction and speed were evidenced by two 
phenomena: 

First, the flags suspended from the rigging suddenly 
began to whip about quite violently; and 

Second, the clouds below appeared to be traveling at a 
tremendous speed away from us and directly toward the 
moon. 

The first phenomenon, which is very common in bal- 
looning, indicates the turbulence which is present at the 
interface of two layers of air. ‘The second can be proved 
to show that we had assumed a new direction, namely, 
north. It seems probable that the direction of motion 
of the upper surface of the stratus cloud was toward the 
northwest; that is, parallel to the isobars, a direction 
which the gradient wind would take. The een 
movement of the clouds was toward the west-southwest, 
which could be accounted for by the movement of the 
balloon northward. 

About half an hour after rising above the low stratus 
cloud, we began to settle into it. More and more fre- 

uently we encountered huge mountains of fog, until 
finally we were completely enveloped by it. Even the 
gray bag overhead was scarcely to be discerned. One 
can not conceive of a more perfect picturization of the 
word “void.” Above, below, and on either hand lay 
an ocean of soft, neutral nothingness. Indeed, the 
words, ‘‘Abandon hope, all ye who enter here,’ were 
constantly recalled to our minds. We drifted thus for 
about two hours and one-half, with the altimeter reading 
between 1,500 and 2,000 feet. 

Yet there was no monotony, for, in spite of the dreary 
aspect of the surrounding medium, there was a startling 
clearness to the crowing of the roosters and to other 
farmyard noises. But we dismissed this clarity and 
intensity of the sound as being due to the moist air. 
Our complacent satisfaction with the situation was dis- 
turbed, however, when there came dangerously near to 
our ears the regularly recurring ‘‘squeak, creak, squeak, 
creak” of a windmill. 

Tae sun was not up vet, but already the morning light 
was beginning to be diifused through the gulf of sus- 
pended moisture in which we were traveling. We were 
watching intently over the basket edge, when swiftly a 
patch of something white shot below with dizzy speed, 
and then another, and another. ‘Water’’ some one 
suggested. ‘‘Clouds,’”’ suggested the meteorologist, add- 
ing with the foresight of his profession that it was un- 
usual to see that type of clouds so low. Nevertheless, 
there they were—long, wavy lines of white clouds. The 
statoscope showed that we were falling, a fact which, 
in itself, was not of great consequence. But just at 
that moment the balloon gave a heave and a jerk. A 
fence post was whisked off its feet, and we went on. 
Here was a cornfield, with lines of partly melted snow 
between the rows. The drag-rope was whipping over the 
ground, yet the altimeter read 1,200 feet. lither we 
bad come into territory very much higher than Fort 
Omaha or our altimeter had suffered like the barograph 
in the getaway. A bag of sand overboard sent us back 
into the fog. The pilot reset the altimeter by about 1,100 
feet and we felt considerably easier concerning our alti- 
tude. 

By this time the sun was rising, and with its appear- 
ance we were permitted to witness such a scene of beauty 
as no one can dream of who has not explored the wonders 
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of the upper air. It defies description. It was such a 
scene as Maeterlinck might employ in transporting a mor- 
tal to another world. Below lay a gently undulating 
sea of fog, soft as down and delicately tinted as mother- 
of-pearl. Above, with apparent motion scarcely per- 
ceptible, floated a layer of alto-cumuli opaled by the 
rising sun, and ever varying in iridiscent splendor. 
The upper clouds were beginning to dissipate under the 
sun’s rays, and, as they melted away, the sun itself 
burst forth casting the balloon’s shadow far away onto 
the fog bank, and gave the fog below a softer, rosier, 
more vaporous appearance. ‘The fog, also, was begin- 
ning to succumb to the morning heat. 

Our hopes for a little while were high, thinking that 
the fog would shortly be dispelled by the rising sun. A 
little bird came winging out of the mist like the dove 
to the travelers in the ark. After a short visit, he re- 
turned to the void beneath and was not seen again. In 
the southeast and south appeared a great blue bank of 
threatening strato-cumuli. They were approaching us, 
or we them, at a terrific speed. This occurred at 7:20 
and was accompanied by a rotation of the balloon in 
such a manner that the sun, instead of being on our 
right, was now on our left, indicating, perhaps, that we 
were facing the southwest, whereas, but a few minutes 
before, we had been facing the northeast. In a short 
time the sun was obscured by the onrushing clouds, 
and in the clear space between the smooth-topped fog 
and the layer of strato-cumuli we found ourselves once 
more completely isolated from the world or any sign of 
life. 

There is a phase of free ballooning upon which it seems 
difficult to get light from balloonists; namely, does the 
trail-rope dangling from the side of the basket afford 
an axis of rotation for the balloon? Apparently it does. 
For example, when the balloon is released, it is generally 
so turned that the trail-rope is on the windward side 
of the basket. It has been noticed that when the bai- 
loon experiences a change of direction the trail-rope con- 
tinues to follow the balloon; or, more precisely, that the 
entire balloon turns in such a manner that the rope is on 
the side from which the wind is blowing. Or, if the lower 
end of the trail-rope is in a wind of different direction, 

erhaps the rope will remain on the side of the basket 
ks which the wind is blowing relative to the wind below. 

When the sun rose, we were facing the northeasi 
although the balloon was probably moving slowly toward 
the northwest. The expansion and heating of the gas 
carried us up and probably into a new current, for at 
7:20 we experienced a clockwise rotation through about 
210°, as indicated by the position of the sun, so that we 
now faced the west-southwest. We were now traveling 
rapidly, probably still from the southeast. 

All hope of the fog lifting was now abandoned and a 
landing was imperative. Being entirely ignorant of 
our position, however, the valving had to be effected 
very delicately. We came down slowly, unable to see 
the end of the trail-rope, so dense was the fog. We felt 
the rope touch, and, in a moment, patches of snow were 
seen to slip below with alarming rapidity. We came 
low enough to see that we were over ice. Afterward we 
learned that it was Lake Andes, which has a surface of 
over 30 square miles. Ballast was thrown so that we 
were soon back in the fog. In a few minutes a second 
and more successful attempt to land was made. This 
time we identified a straw stack and a fence and. began 
a very rapid descent. Within 150 feet of the ground 
there occurred what seemed to be a complete reversal 
of wind direction, for what we presumed to be the same 
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straw stack we had seen the moment before came rush- 
ing back at us. This point is not clear, however, and 
there is a difference of opinion among the members of 
the party. About half an hour after we landed, a 
tliunderstorm broke upon us, giving a heavy precipita- 
tion of rain, snow, and hail. The wind during the oc- 
currence of the heavy precipitation seemed to come 
from the east-southeast. It is possible that we were 
caught in the squall ahead of the thunderstorm, and 
this may have been responsible for the capricious con- 
duct of the balloon just before landing. 

[t may seem that this discussion of our probable path 
is based upon rather uncertain evidence. Yet, in spite 
of the fact, I feel very confident of the conclusions. Ap- 
parently the distance traversed by the balloon was 
ubout 400 kilometers. This yields an average — of 
about 20 meters per second, About 12 hours after the 
journey began, the Drexel, Nebr., Aerological Station 
obtained a wind of 31 meters per second from the south- 
southwest at an altitude of 500 meters. Wind speeds of 
from 10 to 15 meters per second were recorded at the 
Kilendale, N. Dak., Aerological Station during ‘the time 
that we were in the air, although we do not have data 
from that station for the altitudes at which the balloon 
rode. The projection of our path, then, seems entirely 
in accord with all the observed phenomena of the trip. 
There is a very decided charm about being suspended in 
the air, especially when one is uncertain as to his loca- 
tion, and when one does not know his speed. This 
journey did more than provide those thrills; it enabled 
us to actually penetrate and become a part of the wind 
circulation of a strong cyclone.* 


WEATHER DURING SOME NOTABLE AIRSHIP VOYAGES. 


(1) In an account of the 4,500-mile trip of the Ger- 
man Zeppelin, L 59 from Bulgaria to the Sudan and 
return, one of the crew makes the following mention of 
the weather: 

‘While we experienced on the afternoon of November 
23 [1917], at an altitude of 7,500 feet [over the Libyan 
desert south of the oasis of Farafrah], a temperature of 
32° C., and wore tropical uniforms, ten hours later 
we had to put on our leatbek suits, as the temperature 
had dropped to 12° C, [near (%) the Nile Delta].”— 
Abstract from Aviation, Mar. 1, 1919, pp. 158-159. 

(2) In a trip of a large dirigible from Rome to Eng- 
land, October 29 to November 1, 1917, much unfavor- 
able weather was encountered. From Rome to Marseilles, 
‘very bumpy weather was experienced over Civita 


* The meteorological results of the flights of two balloons, starting from Fort Omaha, 
at the same time, one attemptiag to hold an altitude of 5,000 feet, and the other 10,000 
feet, will be published in a later issue of the REVIEW.—ED., 
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Vecchia [west coast of Italy], and later on a rainstorm 
was encountered.” In the stage from Marseilles to Paris 
‘‘there was a head wind against which they made poor 
progress.”—Abstract from Aviation, Mar. 1, 1919, pp. 
158-159. 

(3) ‘‘In spite of encountering rain, high winds, snow, 
and extremely low temperatures in cruising up and 
down the fAtlantio} coast [of the United States], Pape: 
ary 26-28, 1919, Ensign C. W. Tyndall established a 
new endurance record for the nonrigid type of balloon, 
remaining aloft for 33 hours and 6 minutes.’’—<Aerial ' 
Age Weekly, Mar. 3, 1919, p. 1265. 

(4) A record airship voyage, and what is described 
as one of the most notable cruises ever undertaken b 
airship, was accomplished over the North Sea by N. S. 
11, one of the British non-rigid type. The voyage took 
the form of a circuit, which embraced the coasts of Den- 
mark, Schleswig-Holstein, Heligoland, North Germany, 
and Holland, and the most unfavorable weather condi- 
tions were met with. The total length of the round trip 
was 1,285 miles, and the time occupied was 404 hours. 

‘The important point about this cruise is not only 
the distance covered and the long time the vessel was 
afloat, but her airworthiness in conditions of the most 
trying character. Starting from the Firth of Forth at 
3.45 p. m. on March 18, the first 280 miles were covered 
easily with only a departure of about a mile from her 
course. Gradually the wind grew stronger and rougher, 
and when one engine broke down it seemed doubtful 
whether the ship could reach the English coast. When, 
however, it did finally reach the north foreland, petrol 
was running short owing to the necessity of running at 
full power earlier in the voyage, and one engine only 
was running, this on five cylinders out of six.’”—Aero- 
nautics, Mar. 27, 1919, p. 328. 

(5) The naval dirigible C-5, which made a successful 
flight from Montauk Point to St. Johns, Newfoundland, 
May 14-15, remained in the air continuously for 25 
hours and 40 minutes. This flight of 1,115 miles nearly 
equaled the above record for non-rigid airships for total 
distance covered without a stop. In speaking of the 
flight, Lieut. Commander E. W. Coil said: ‘‘Our troubles 
started just after midnight, when the sky became over- 
cast. Before then we had been fl ying under a full moon 
at an altitude of 1,000 feet. We lost our bearings while 
oreo. Little Miquelon Island, off the south coast 
of Newfoundland, about 170 miles from St. John’s. We 
made a ‘landfall’ at St. Pierre, * * * [and went] 
‘cross lots’ to * * * St. John’s. * * * There 
was considerable fog, but it did not trouble us.” <A 
perfect landing was made. Later, the dirigible breaking 
away a second time in a gusty wind, drifted out to sea 
and was lost.—Abstract from Aerial Age Weekly, May 
26, 1919, p. 533; and Aviation, etc., June 1, 1919, pp. 
475-476. (Further notes will appear in the May Rr- 
view.)—C. F. B. 


i 
| 
ta 
/ 
i 
3 
j 
k 
1 
‘| 


234 MONTHLY WEATHER REVIEW. 


Aprin, 1919 


HOT WINDS AT TAMPICO, MEXICO, APRIL 6 AND 7, 1919. 


By S. A. Groean. 


[Dated: Mexican Gulf Oil Co., Tampico, Mexico, Apr. 15, 1919.] 


On April 6, 1919, we had a hot, dry southwest wind 
from 11 a.m. to 3 p.m. (Tampico time) with a maximum 
temperature, 93.5° F., the highest since June 19, 1918. 
On April 7, from 11 a.m. to 1:15 p.m., the hot wind blew 
again, with a maximum temperature of 99° F. at 1:15 
p. m., when the wind changed to SE., and there was a 
drop of 16° in five minutes. This maximum temperature 
is the highest on our record, which dates from October 
12,1917. Figure 1 shows tracings from the thermograph 
record, corrected to the thermometer readings, and from 
the agg) here, April 5 to 9, 1919. Table 1 gives in 
detail the observations made on April 7. 


TaBLE 1.—Weather Observations, Tampico, Mexico, April 7, 1919. 


Tampico time. 


6.30 a. m. } 12.15 p.m. 6.30 p. m. 

Relative humitity ............... 90 per ceat...... 21 per cent...... 79 per cent. 
Vaper pressure. ..-............... 0.684 inch....... 0.353 inch... .... 0.732 inch. 
29.71 inches.....| 29.71 inches....., 29.69 inches. 


A similar hot wind has occurred only once before to 
my knowledge. On January 14, 1918, a hot, dry south- 
west wind prevailed from 2 p. m. to 3:20 p. m. (Tampico 
time) with a maximum temperature of 87° F., and a 
sudden drop to 75° F., when the wind changed to the 
northeast. 

I have had several inquiries as to the cause of the hot 
winds of April 6 and 7, and I have given as the probable 
cause that which is credited with forming the famous 
“Chinook”? winds of the western Great Piains. We 
have had very little precipitation in this vicinity this 
year (6.65 inches to April 8), but the country to the south 
and west has had an abundant rainfall; and so I am of 


the opinion that the warmness and dryness of the wind 
could not have been caused by having blown over hot 
and dry land. The Sicrra Madre mountains [eastern 
escarpment of the plateau] are 60 miles west of Tampico, 
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Fic. 1.—Weather at Tampico, Mexico, Apr. 5-9, 1919. 


DISCUSSION. 


In view of the large low-pressure area ceniered not far 
north at this time, it is possible that the wind which 
reached Tampico so hot and dry had been robbed of 
much of its moisture on passing up the west flank of the 
Mexican plateau, and then had been heated chiefly by 
compression on its eastward descent. The conditions 
observed at Tampico could have resulted if air nearly 
saturated at 50° iP. had descended the 7,000 feet from 
the plateau to Tampico. In addition to the 37° F. rise 
in temperature which would have resulted from com- 
pression alone, it probably would have warmed 10° F. 
in passing over 60 or more miles of coastal plain during 
the morning. The fact that the three occurrences 
mentioned took place only during the middle of the 
day would seem to indicate that at other times, if there 
is a forced descent of air from the plateau, such heated 
air can not penetrate to the surface. The convectional 
mixing of the lower air strata, coupled with the diurnal 
warming of the air en route, seem to be necessary to make 
such foelin winds felt on the Gulf coast.—C. PF’. Brooks. 


TORNADOES IN EASTERN NEBRASKA, APRIL 6, 1919. 


By G. A. Lovetanp, Meteorologist. 


[Dated: Weather Bureau, Lincoln, Nebr., May 22, 1919.]} 


An area of low pressure of unusual energy, 29.2 inches, 
was central in southwestern Nebraska or eastern Colorado 
on Sunday, April 6. (See fig. 1.) In the evening, three 
tornadoes occurred in eastern Nebraska. One of these 
was near Elmwood (25 miles SW. of Omaha) at 6 p. m. 
(90th meridian time). A second, near Madison (90 miles 
NNW. of Omaha) at 6:30 p. m. damaged 6 farms. A 
third occurred at Omaha at 7:30 p. m., and is said to have 
damaged 400 houses and caused a loss of a quarter of a 
million dollars. 

The tornado near Elmwood was observed by a number 
of people, and the accompanying unusually good photo- 
graphs (figs. 2 to 7) were made of it. The path of the 
tornado was narrow, most of the distance less than 300 
feet in diameter, and it lay in a general direction a little 
west of north. At the same time, however, the upper 

ortion of the funnel where it joined the general “ S 
vase Was moving toward a point a little east of north. 
The funnel increased in length, and finally an apparent 


loop, due to perspective, developed, ‘This loop shows 
somewhat in figures 2, 6, and 7. The funnel dissolved, 
but the dust cloud or lower portion of the funnel con- 
tinued for a few seconds after the upper part had dis- 
appeared, and moved with devastating force for about 
three-fourths of a mile. The whole length of the tornado 
path was only about 7 miles, and the tornado made it in 
about 10 minutes. No lives were lost, but several farm 
houses were destroyed and others injured. Further 
details are given in the following extracts from observers’ 
accounts. 

Mr. W. A. Wood, of Weepingwater, Nebr., who took 
the photographs, figures 3 to 7, gives the following 
description of the local weather, and the appearance of 
the funnel cloud: 

‘Upon the day of the Elmwood tornado, I observed 
that there was every indication of rain, as the sky was 
entirely overcast with clouds and the weather was quite 
humid. About noon, however, the sky began to ie 
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M. W.R., April, 1919. 


FIG. 2.—The tornado was photographed by G. B. Pickwell, who was very neer its path. The upper picture, a, was the upper portion 
of the funnel, and was taken first. Immediately afterwards the lower portion of the funnel was photographed, and shows in 6. 


Fics, 3 and 4.—Successive photographs of the tornado taken by W. A. Wood from the southeast. 
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Fias. 5,6, and 7.—Successive photographs of the tornado, taken by W. A. Wood from the southeast. In figures 6 and 7, note the 
vertically elongated form of the detached cumuli, which are characteristic of local convection intensified by a strong vertical temper- 
ature gradient. (See discussion.) 
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and in the afternoon we had every indication of con- 
tinued good weather, were it not for the low pressure 
area in the southwest. 

“Toward the latter part of the afternoon, storm clouds 
began to form, and in a short time it began to look like 
rain. At the base of what appeared to be a very ordinary 
cloud there was a small khaki-colored formation, that in 
a few moments began to taper, and which finally sent 
down a tiny line the color of blue smoke. This streamer 
made immediate connection with the earth and was the 
commencement of the tornado proper. 

“This must have been a freak storm as the tail was 
very slender and resembled a rope dangling from the 
clouds. The pictures (figs. 3 to 7) tell the story better 
than I can write it. 
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1.—Weather map, Apr. 6, 1919, 7 p. m. (90th meridian time). The temperatures 
at North Platte, Nebr., and t oncordia, Kans. , less than 200 miles apart, were 46° F. and 
76° F., respectively. An extreme range of 54° F. occurred between Chevenne, Wyo., 
temperature 26° F., and Fort Smith, Ark., temperature 80° F. The arrows fly with 


the wind, and the number of barbs indicate the wind velocity in Beaufort numbers. 


“Tt seems that the dissolution of the cloud was brought 
about from the fact that the progress of the lower part 
was slower than that of the upper, so that, finally, on 
being elongated to 14 miles, it was pulled in two nearly 
at the center. 

“The lower part continued for some time, peaked at 
the top. There was entirely blue sky beneath the main 
cloud, hence my advantage in taking the photos. Hail 
preceded the tornado.” 

Mr. W. A. Rocky, an instructor in the department of 
geography in the University of Nebraska, a, rt to be 
in the immediate vicinity of the tornado, and made some 
excellent observations of it. The following notes are 
from his detailed description. 

“The Elmwood tornado * * * extended only for 
a distance of about 7 miles, from somewhere near the 
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west edge of sec. 9, T. 9 N., R. 10 E., 6 p. m., to’the 
extreme southeastern corner sec. 6, T. 10 N., R. 10 E. 
For the first 4. miles of the course it traveled almost due 
north, with but,little variation. In its last 3 miles it 
followed. a course of about north 27° west. It took 
renga, ye 10 minutes to go 7 miles, a rate of 40 
miles per hour. It-was preceded by rain and hail, which 
was very heavy to the east of it, decreasing in amount 
to the westward. The storm did not greatly cool the 
atmosphere. Practically no rain fell more than half a 
mile west of the tornado track. There was no precipita- 
tion at all on the last mile of its course, either before or 
alter-its oceurrence. .The wind direction and velocity, 
about southeast 20 mis./hr. as nearly as could be observed, 
was cgpstant during; the entire hour of this storm. The 
totmado was accompanied by a very loud roaring and a 
sound of rushing air.) * * 

“When first seen the base of the funnel was in the air, 
traveling like a kite’s tail. Within 30 seconds it had 
reached the ground about 4 miles away. It was then in 
the southeast. It was observed from Kimwood for prob- 
ably 6 minutes. * * * 

“The funnel cloud during its entire existence appeared 
almost: white, much as a column of steam. The sun’s 
rays did not strike it at any tume. Throughout its lower 
half it probably did not exceed 100 feet in diameter. The 
upper half of the funnel increased in size toward the top, 
and where it merged into the dark storm clouds above 
it probably had a diameter of 300 feet. As judged by 
the writer, the funnel had a length of from 1,000 to 1,500 
feet, becoming longer toward the last. When first seen 
the cloud was inclined toward the north about 45° from 
vertical, the base dragging along in the air, and there 
was no dust cloud. The whirling of the cloud itself could 
be very clearly seen. Soon after the funnel struck the 
ground a cloud of dust and débris arose about 200 to 300 
feet although the central core (white cloud) could be 
clearly seen through the dust envelope. * * * This 
outer cloud of dust was thickest near the ground, grad- 
ually thinning upward. The density and size of the dust 
cloud changed greatly, probably due to the varying loose- 
ness of the soil. About 300 feet above the ground no 
dust was seen at any time. Débris was seen flying in the 
upper, thinner portion of this dust cloud during the 
entire period of its existence. After the base of the fun- 
nel reached the ground the base appeared to increase its 
velocity, decreasing the angle of icine tivns of the funnel. 

‘During about the fourth mile of its course the funnel 
began to lean to the east as weil as to the north, and by 
the end of its fifth mile the summit of the cloud was at 
an angle of about: 45° from vertical, and northeast from 
the base of the cloud. During the last 2 miles of its 
course the base continued to veer westward, the funnel 
appearing to move more nearly northward, thus still 
further increasing the angle of inclination. During these 
last 3 miles the funnel gradually became more slender, 
and in several stages developed an apparent loop. This 
loop began in a very sharp, double curve or crook. It 
was always on the rear side of the advancing column and 
above the column, while the base trailed behind the 
summit but ahead of the loop. After the formation of 
this loop it slowly rose toward the summit of the cloud, 
which it reached at about the instant the cloud dissolved. 
During all of the final moments of the cloud the funnel 
was constantly decreasing in diameter. It is certain 
that toward the last some parts of the funnel near the 
base had a diameter not exceeding 25 feet. 
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“The dissolution of the funnel occupied a period esti- 
mated at not exceeding 10 seconds. Its disappearance 
was almost simultaneous from base to summit, much 
like the disappearance of steam when escaping into cooler 
air. * * * The surrounding rapidly revolving dust 
cloud continued on alone for a distance of three-fourths 
of a mile, apparently undiminished in size and velocity. 
It then crossed a draw probably 60 feet lower than the 
uplands, the whirling dust cloud suddenly broke, and. 
except for a straight cloud of dust, continuing for another 
fourth of a mile northwestward, there was no further 
evidence of a strong wind. 

“The funnel cloud, which was at all times long and 
slender, appeared white as viewed by the writer (its 
western face). To Mr. Pickwell, who looked from the 
south and southwest, it appeared black near its summit, 
becoming lighter downward, with its base a very light 
gray. To Mr. W. A. Wood, 4 miles or more northeast 
from the cloud, it appeared dark its entire length. The 
outer surface of the funnel cloud was very clear cut near 
the base, becoming more fuzzy in appearance near the 
summit. The revolving of the funnel cloud could be 
very distinctly seen in all parts, certain sections some- 
times having a fibrous or stringy appearance. The 
funnel appeared to lengthen or stretch very materially 
during the latter part of its course. 

‘During the progress of the cloud the large amount of 
material carried into the air from farmsteads just south 
of the Missouri Pacific Railway was distinctly seen. One 
building, apparently entire, was lifted about to the upper 
level of the dust cloud. While poised at that highest 
level all parts of the building appeared to come apart, 
flattened into a single horizontal plane, then scattered as 
a deck of cards thrown in the air. Trees were seen entire 
and broken. Parts of buildings were seen in the air at 
almost any moment during its course. The usual width 
of the devastated path was from 200 to 300 feet, and its 
borders were marked, *  *” 

The following is a report of the Omaha tornado by Mr. 
M. VY. Robins of the Weather Bureau. P 

“A small tornado that formed a short distance south- 
west of Omaha struck the city limits about 7:30 p. m. 
(90th meridian time), April 6, 1919, and moved in a 
north-northeasterly direction in the city over a path 
varying from 200 to 600 feet in width and between 3 
and 4 miles in length. The funnel left the ground for 
short stretches, at places skipping blocks. After the 
tornado funnel had left the ground permanently, the 
wind was violent enough to do some damage even beyond 
the city limits north of Omaha as the storm moved on. 
The explosive effect was in evidence in a number of in- 

‘No loss of life occurred or has resulted from injuries 
received, but probably 20 persons received injuries, a 
few serious, but mostly they were slight. One house that 
contained eight people, three on the first floor and five 
in the basement, was completely demolished, but not one 
of the occupants was even scratched. Fortunately, the 
path of the tornado was through a district part of which 
was not thickly settled, hence the comparatively small 
property loss (about $250,000) and few casualties. 
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‘‘Some observers said that there was a violent commo- 
tion among the very dark coppery clouds in the south- 
west just before the funnel appeared; others that the 
storm cloud which swept the earth was more like a pillar 
than a funnel, and a few reported that tongues of light- 
ning flashed from its center. | was on my way home from 
the car line, and it later developed in the immediate path 
of the storm, when I heard the unmistakable roar as of a 
great engine, and saw the dark mass rushing in my diree- 
tion. IL ran for home hoping to reach it in time to get 
my family into the basement, but by the time I arrived 
the storm had passed a few hundred feet to the east. 
At my location there were violent gusts, and even at 
greater distances from the storm path windows were 
blown out and slight damage was done to shingle roofs. 
To me the cloud looked more like a pillar than a funnel, 
but on the west side a dirty brown whirl was clearly 
visible in the flashes of lightning. During the passing of 
the tornado light hail fell, and there was light rain for 
about an hour before the storm struck, the latter ending 
at 7:55 p.m. Later, about 11 p. m., rain fell at an ex- 
cessive rate, doing considerable damage to wrecked homes 
and unprotected furniture, etc. 

‘*The débris was strewn in all directions, but the greater 


portion lay in the general direction of the forward move- 


ment of the storm. 

‘A strange coincidence is that this tornado entered the 
city but a short distance from the point of entrance of 
the one of Easter Sunday, March 23, 1913, but the latter 
took a direction that was almost due northeast and its 
path of destruction was much more complete and larger.” 


DISCUSSION, 


These unusual tornadoes seem to have what might be 
called true vortices caused by thermally unstable air. 
There was no general cloudiness such as marks a turbulent 
wind-shift line in which the direct mechanical action of 
g-azing winds of opposite directions and densities might 
cause tornadic whirls. There seems to have been, in- 
stead, a steep temperature gradient not far aloft, such 
as would greatly intensify the vertical movement of the 
warm, convectional currents from the surface, which 
must have arisen from the sun’s heating during the fair 
afternoon. The markedly elongated form of the cumulus 
clouds seen in the background of some of the pictures 
is indicative of such strong local convection which has 
become intense since condensation is retarding the 
cooling of the rising air. 

The cold air necessary to have formed such a strong 
gradient aloft probably came from the very cold side. 
Over this region this cold wind was ‘probably westerly, 
as the intermediate and upper clouds in the morning 
were moving from the west. The surface SI. wind 
would explain the movement of the lower part of the 
tornado, and the W. cold wind aloft would explain 
the rapid northeastward moveiment of the parent cloud 
and the fail of rain and hail generally east of the track. 


F. Brooks. 
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TORNADO IN SOUTHERN ALABAMA, MARCH 5, 1919. 
By P. H. Suyrn, Meteorologist. 
(Dated: Weather Bureau, Montgomery, Ala., May 5, 1919.] 


The weather map on the morning of March 5, 1919, is 
shown in figure 1. The evening map, 12 hours later, 


showed the well-defined trough of low pressure extending 
from the mouth of the St. Lawrence to western Florida. 
As shown on the map of southern Alabama (fig. 2), early 
in the atternoon of March 5 a tornado developed in the 
southwest portion of Escambia County and moved north- 
east by east to the central-eastern portion of Barbour 


— Jorrado 


Key West 
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| 
Fic. 1.—Weather map, Mar. 5, 1919, 7a. m. (90th meridian time). The arrows fly with 
the wind, and the number of barbs indicate wind velocities on the Beaufort scale. 


County. The path of the tornado was from 130 to 140 
miles beng and from probably a hundred or more yards 
to 2 or 3 miles wide. It was reported at Flomaton, Ks- 
cambia County, between 12:30 p. m. and 12:40 p. m.; at 
Pollard, 6 or 8 miles northeast of Flomaton, at 12:45 p. m., 
reached the extreme southern portion of Crenshaw 
County at 1:30 p. m. and Eufaula, Barbour County, 
where it was most destructive, at 2:45 p.m. The tor- 
nado does not seem to have passed over into Georgia. 

At Flomaton the path of greatest destruction was 75 
to 100 yards wide. The funnel-shaped cloud was ob- 
served. Trees on the north side of the path lie toward 
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the south, and on the south side, northeast by east. One 
small building was completely destroyed, one house un- 
roofed, two other houses blown off of their foundations, 
and the passenger station of the Louisville & Nashville 
Railroad Co. damaged to the extent of $700 to $1,000. 
Only one person was reported injured. 

At Pollard the path of greatest destruction was about 
300 yards wide. e funnel-shaped cloud was observed. 
Trees lie toward the northeast on the south side of the 
path and also in the center of the path, but on the north 
side, although the general direction was northeast, there 
was more of a mixup. The damage to property at 
Pollard is estimated at $20,000, and two persons were 
injured. 

The cooperative observer at Troy, Ala., reports that in 
the southeast portion of Pike County, the Friendship 
M. E. and Shady Grove Baptist Churches were demol- 
ished and that a 12-year-old girl was killed. Damage to 
barns, etc., was considerable. 

Six miles south of Brantley, Crenshaw County, five or 
six persons were injured. 

At Eufaula the tornado advanced from the southwest 
toward the northeast. No one at Eufaula noticed a 
funnel-shaped cloud. The general direction of trees on 
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Fig. 2.—Tornado path in southern Alabama, Mar. 5, 1919. A, no cme reported; 
Bh, tornado reported southeast of Troy; C, rain and strong, driving wind; D, no storm 
reported; E, in path of great destruction. 


the north and south sides and in the center of the path 
was toward north of east, though there were a few excep- 
tions. The path of greatest destruction was 14 to 2 miles 
wide. The money value of property destroyed is estima- 
ted at from $150,000 to $200,000. Drs. J.B. and G. W. 
Whitlock were considerably injured when their building 
collapsed. The Catholic Church, a brick structure, 
located about one-half mile west of this building, was also 
destroyed. Three brick storehouses were completely 
wrecked, and of nine persons in them four were killed and 
five injured. Several lightly constructed buildings in the 
residence section also went lark, but no one was seriously 
injured. Hundreds of trees were blown down, and prac- 
tically every tin roof in the business section of the town 
was more or less damaged. 

Figure 2 shows the path of the tornado, the time of 
occurrence at the several places, and the direction the 
trees were blown along the path of the storm. 
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THE LARGER RELATIONS OF CLIMATE AND CROPS IN THE UNITED STATES.! 
By Prof. R. DeC. Warp, Harvard University. 


[Abstract from Quarterly Journal Royal Meteorological Society, January, 1919, pp. 1-19.] 


With their wide range of climatic types, and their great 
variety of vegetable products, the United States offer an 
unusually interesting field for the study of the relations 
between climate and crops. * * * Climate is but 
one of the many controls which determine the present 
geogrepbice, distribution of the staple crops, but it is 
undamental. Soil, the kind of AeA | methods of culti- 
vation, population, transportation, and other factors 
play a part in a relation which is inevitably so highly 
complex that great caution is necessary in the endeavor 
to express it in terms of one, or more, of the climatic 
elements. 

The map here reproduced (fig. 1) is based primarily 
upon the Bee lh of the principal crops and upon the 


ticed. The West is a region of irrigation, of dry farmin 
or grazing. In special localities winter crops are raise 
Both eastern and western halves may be subdividalt into 
five agricultural provinces. The eastern half is essen- 
tially a lowland, interrupted toward its eastern margin 
by the plateaus and mountains of the Appalachian sys- 
tem, all of moderate elevation. Hence latitude, i. e., 
temperature, and not altitude [except in the Appa- 
lachians] is the dominant climatic control. The agricul- 
tural provinces therefore have a general east. and west 
extension. 

West of the Great Plains, on the other hand, the topog- 
raphy is very varied, with high mountain ranges extend- 
ing in a general north and south direction. The agri- 
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Fig. 1.—Agricultural provinces of the United States. Yearbook U. S. Dept. Agr., 1915, p. 335. 


types of farming. The country is conveniently divided 
into two major divisions, separated by * * * the 
“dry farming-line.”” The half of the country east of this 
line has sufficient rain in normal years, and produces 
annual summer crops cultivated by ordinary farming 
methods. The western half of the United States, with 
enerally imadequate rainfall (except on the north 
Pacific coast and in parts of California and of the northern 
Rocky Mountain district), contains only limited areas 
where ordinary farming of the eastern type can be prac- 


1 Based largely on a study of the following publications: “Geography of the World’s 
Agriculture,’ by V. C. Finch and O. E. Baker, Office of Farm Management, Washing- 
ton, D. C., 1917; ‘‘A Graphic Summary of American Agriculture,’’ by M. Smith, O. bk. 


3aker, and R. G. Hainsworth, Yearbook U. 8. Dept. Agr., 1915, pp. 329-403; “A 
Graphic Summary of World Agriculture,” by V.C. Finch, 0. E. Baker, and R. G. 
Hainsworth, Yearbook U. 8. Dept. Agr., 1916, pp. 531-553. 


cultural provinces also extend roughly north and south. 
Rainfall is here the critical factor, and rainfall is largely 
determined by the topography. Under the control of the 
varying conditions of i temperature, altitude, soil, 
and economic factors, the crops-in this western section are 
very varied, and often extremely localized. There are 
no great belts distinguished by certam dominant crops 
as in the East. A detailed map of crop distribution in 
the West is therefore very patchy, the patches usually 
corresponding to districts of ‘eae irrigation, ‘The names 
of the agricultural provinces in the West are not derived 
from the characteristic crops, but from location or 
topography. 

If we consider each of the major crops it is found that 
the boundaries of the most important regions where they 
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are cultivated coincide more or less closely with certain 
isotherms of average seasonal temperature, or with 
certain isohyets of average annual rainfall. This corre- 
spondence does not ——a mean that the given sea- 
sonal temperatures or annual rainfalls are the factors 
responsible for the locations of these boundaries, 
although undoubtedly it is the case that certain tempera- 
ture features, such as the occurrence of low temperatures 
unfavorable for the growth of the crop, and certain 
rainfall characteristics, such as the seasonal distri- 
bution of rainfall, the frequency of droughts, or the 
frequency of occurrence of rains of different intensities, 
all of which are related to the average conditions coin- 
ciding with the crop boundaries, are the true controlling 
factors. 

Corn.—* * * The area of maximum production is 
limited by a mean summer temperature of 70° to 80° F.; a 
mean night temperature exceeding 58° F.; an average 
growing (frostless) season of about five months (150 days), 
and an annual rainfall of 25 to 50 inches or more. Nearly 
all the corn is south of the mean summer isotherm of 66°, 
and of a line showing a mean night temperature during 
the summer months of 55°. Because of its temperature 
requirements, corn can not be profitably cultivated far 
north, or at considerable altitudes in the West. Extended 
corn cultivation is fairly well limited in the West by the 
mean summer rainfall lme of 8 inches, but if the summer 
temperature is over 70°, and evaporation is not excessive, 
an even smaller summer rainfall will suffice. * * * 
In the West, as a whole, the rainfall is too light and the 
nights are too cool for corn. * * * Where the grow- 
ing season is too short, or the temperature too low, corn is 
widely grown for silage. The summer rainfall, however, 
must be about 7 inches. or more. Corn is a very profit- 
able crop. It therefore tends to become dominant in 
regions where it finds the climate best suited to it, espe- 
cially if the competing crops require farm labor at the 
same time. Corn is widely grown in the ‘‘cotton belt.” 
The climatic range of cotton, however, is much more lim- 
ited than that of corn, and cotton is a tremendously profit- 
able crop, so corn there becomes subordinate. * * * 

Wheat—* * * The mean winter isotherm of 20° 
is a general limiting control on the north, although some 
winter wheat grows in the Red River Valley, where the 
winter temperatures are a good deal lower. * * * 
Between 15 and 30 inches of rain are found where the 
wheat production is densest. Some wheat is, however, 
grown by dry farming where the mean annual rainfall is 
10 inches or even less. * * * The damaging effects of 
rusts in the moister regions, especially if the wheat can 
not be made to mature early in the summer; the likelihood 
of rain interference with harvesting operations; competi- 
tion with cotton, and other factors limit the great winter 
wheat region on the south at about the northern edge of 
the cotton belt. 

* * * A mean summer temperature of about 58° F. 
determines the northern boundary of spring wheat. 
This isotherm [in the United States] is found only in the 
mountain area of the West. * * * With respect to 
the chemical composition and quality of wheat, climate 
has more influence than soil, but soil has a marked 
influence upon the permanency of wheat production in 
any given area. 

Cotton.—* * * The mean summer isotherm of 77° 
F. marks fairly closely the northern, and a mean annual 
rainfall of 23 inches the western boundary. The aver- 
age length of the growing (frostless) season is 200 days 
(ue. 1 to Nov. 1), and in four-fifths of the years is 
more than 165 days. Warm and moderately moist 
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weather is most favorable from April to August, while 
cool and dry autumns improve the quality and facilitate 
the picking. Too much rain in the picking season 
injures the lint. Thus, an important climatic element 
in cotton picking is the way in which the spells of dry 
weather are grouped. * * * 

Oats, barley, and rye.—A cool, moist climate is the 
best for oats. The winter-oat region of the East, where 
most of the crop is fall-sown, is in the southeastern sec- 
tion, its northern boundary being about along the mean 
winter isotherm of 35° Fi 

In the most important barley districts no month dur- 
ing the growing season has a mean temperature over 75°. 
In high parts of Colorado, barley grows * * * with 
much lower temperatures and not infrequent frosts. 
In southeastern California barley is raised where the 
mean summer temperatures are over 90°. The chief. 
barley regions of the country have somewhat less than 
35 inches of rain a year. In California, the mean annual 
rainfall is less than 10 inches. 

Where rye production is greatest the mean summer 
temperature is about 70° * * * 

Hay, forage, and pasture.—Hay, forage, and pasture 
crops are very widely distributed, for winter cold or 
insufficient rainfall necessitate a supply of forage in 
all sections except the Gulf and the north Pacific coasts, 
and their many different varieties are adapted to a wide 
range of climates. In general, the cooler, wetter, 
rougher, less fertile parts of the country are devoted to 
these crops. There is, however, much hay and forage 
raised in rotation with other crops, especially in the corn 
and winter-wheat belt. Alfalfa, although grown under 
a great variety of conditions, does best where the sum- 
mers are not rainy, and in the southwest. Less than 
6 per cent of it comes from east of the Mississippi.* * * 
Timothy and clover are not only better adapted to the 
crop rotation systems of the East, but also do not suffer 
much from winter-killing. The principal forage crops of 
the hot and droughty parts of the Great Plains are the 
Kafir corn and milo maize. The bulk of the crop is 
within the rainfall lines of 15 and 30 inches. The 
northern limit of Kafir is the mean summer isotherm of 
about 75°; that of milo, about 70°. 

Sugar. —Sugar cane raised commercially for sugar comes 
almost entirely from the lower delta of the Mississippi River, 
in Louisiana, where the rainfall is heavy (50 to 65 inches), 
and destructively low temperatures are rare. Sugar 
beets, on the other hand, come from the northwestern 
margin of the corn and winter wheat belt, and from local 
areas in the West, especially in southern California. 
Profitable use of beets for sugar is, on the whole, limited 
to regions whose mean summer temperatures are below 
72°. 

Rice.—Rice needs so much water that it is grown 
mostly on the moist river plains of the southern coastal 
plain and Mississippi flood-plain and delta lands. In 
Louisiana, rice needs water amounting to 0.5 inch of 
rainfall daily for three months, or 45 inches. Half of 
this water is supplied by irrigation. 

Vegetables.—Vegetables are raised as near to market 
as the climatic conditions permit. In many cases hot- 
house vegetables of the North can compete successfully 
with the early vegetables grown in the usually frost- 
free southern coast. 

Fruits.—Temperature is usually the controlling factor 
in the distribution of the different kinds of fruits. 
The citrus fruits come from the Gulf coast region and 


1 See fig. 40. p. 35, Geography of the World’s Agriculture. [By V.C. Finch and 0. 
E. Baker, Office of Farm Management, U. 8. Dept. Agr., Washington, D. C., 1917.] 
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California, where killing frosts are rare enough to make 
the culture profitable in the long run, especially if 
orchard heating is practiced at critical times. Peaches 
are raised extensively in the South and on the lee- 
ward shores of Lakes Michigan, Huron, and Erie, where 
killing winter temperatures and frosts after flowering are 
infrequent. Apples, being hardier, are raised farther 
north, though in apple culture, valley slopes and lee- 
ward (eastern) shores are favored. Pears and cherries 
are intermediate between peaches and apples. 

Live-stock.—Live-stock raising is controlled mostly by 
rainfall, though the temperature limitations imposed on 
the distribution of field crops enters also. Hogs thrive 
where the corn grows; dairy cows are most numerous 
farther north, where there is the corn silage. Cattle 
are raised in the general hay and pasture regions, and, 
in relative importance for the regions involved, hold 
sway particularly where field crops can not well be 
raised. In the arid parts of the West the cattle can get 
some sustenance on the plains and mountains, but the 
forage (mostly alfalfa) from the irrigated patches must 
supplement this generally meager and discontinuous 
supply. In the driest parts, sheep can live where cattle 
can not. 

It is usually obvious that the climate is essentially 
the basis for the general type of farming at any place. 
There is the ‘‘wet farming” of the eastern half of the 
country, where the rainfall is generally sufficient for the 
crops that are to be raised, and where, therefore, the 
temperature determines what can be raised, and the 
pis mcd and soil limit the local distribution. The 
dry farming of the Great Plains and of other parts of the 
West relies on conservation of what rain there is by 
limiting evaporation from the soil. In some places, as 
in eastern Washington, two years’ rainfall is needed for 
one good crop of wheat. The irrigation farming of the 
arid parts of the West is necessitated by the dfyness of 
the lowlands, but is rendered possible by the rainfall 

recipitated on the mountains which keep the moisture 
rom reaching the valleys to leeward. 

A comprehensive bibliography closes Prof. Ward’s 
paper.—C. F. B. 


MINIMUM TEMPERATURES SUSTAINED BY APRICOTS DUR- 
ING MARCH, 1919, IN THE PECOS VALLEY, N. MEX. 


By CLeve Observer. 
[Dated: Weather Bureau Office, Roswell, N. Mex., May 17, 1919.) 


It has been a matter of common observation in the 
semi-arid and elevated regions of the West that fruit 
blossoms and other tender vegetation will withstand 
temperatures that would kill all or nearly all growing 
vegetation in the lower and more humid districts of the 
eastern half of the United States. Whether this re- 
sistance to cold is due to elevation, humidity, soil, or 
some unknown factor, or to two or more of these com- 
bined, has not been determined, but it seems to be more 
noticeable when the moisture content of both the soil 
and the air is low. It has, however, frequently been 
observed under just the opposite ae ae For 
example, the apples in the Pecos Valley were, when in 
full ding subjected to a snowstorm lasting 15 hours, 
during which the temperature was continuously below 
freezing, and below 30° in portions of the orchard dis- 
trict for several hours. Nevertheless, no noticeable 
damage was sustained, either to fruit or to young truck 
crops. This was on April 8, 1919, and the same thing 
has occurred in previous seasons, having once before 
(1917) been observed by the writer. 


MONTHLY WEATHER REVIEW. 


Aprin, 1919 


The following data illustrate a remarkable case of 
resistance to temperatures below freezing after a period 
of low atmospheric humidity: 


| 

Minimum 

tempera- | 
ture. 


Date. 


State of apricots. - 


31 | Buds showing pink. 
27 Blossoms opening. 
19 | 30 per cent of blossoms open. 


30 50 per cent of blossoms open. 


18 Trees in full blossom. 
27 | Petals falling. 


27 | Petals nearly all off. 


t 


On March 25 a thorough examination of the trees at 
different elevations showed less than 7 per cent of the 
fruit dead or injured; that is, over 93 per cent of the 
blossoms were developing sound, uninjured fruit. It 1s 
not certain that the dead and injured fruit was due to 
the cold, as normally, under any conditions, a part die 
and fall off at this stage of development. 

It will be noticed that the blossoms were subjected to 

daily minimum temperatures below freezing during the 
entire time that the blossoms were opening, with a 
temperature 14° below freezing when in full blossom. 
The temperature records were made by a Weather 
Bureau minimum thermometer and a thermograph in a 
cotton region shelter about S80 yards from the nearest 
trees. During the period under discussion minimum 
temperatures 1 inch above the surface of the ground 
averaged 1.4° F. higher, and at an elevation of 24 feet, 
0.9° F. higher, than in the shelter. 

This substation was in charge of the writer, who per- 
sonally made the observations tabulated above. 


NOTES. 

There is some discussion of this subject in Bulletin 89 
of the New Mexico Agricultural Experiment Station, 
1913-14, by F. Garcia and J, W. Rigney, ‘‘ Hardiness of 
fruit buds and flowers to frost.” Although other ob- 
servers have shown that 31° is the danger point for 
peaches and 28° that for apples, there are differences 
with different stages of growth, the young fruit being 
the most tender. While 26.5° to 27° is often detrimental 
to young fruit, 26° is said to be the critical temperature, 
though 24° sometimes has little effect. The factors of 
greatest importance are the degree, duration, and time 
of day of the greatest cold. When the lowest tempera- 
ture occurs just before sunrise, the effect is worst. 

W. H. Chandler, in an extensive contribution, ‘‘The 
killing of plant tissue by low temperature”? (Mo. Agr. 
Exp. Sta., Research Bull. No. 8, December, 1913, pp. 
143-309), gives 22° to 25° or 26° as the killing temperature 
for young peach flowers, and 29° to 30° as that for older 
ones and young fruit. This work contains a chart show- 
ing Maximum and minimum temperatures preceding 
freezing of fruit buds; also, an extensive bibhography. 
For a general discussion and bibliography of ‘‘ Frost and 
the growing season,” by W.G. Reed, see Atlas of American 
Agriculture, advance sheets 2, Part II, section 1, 1918; 
also, ‘‘ A selected [annotated] bibliography of frost in the 
United States,” by W. G. Reed and C. L. Feldkamp, 
Monthly Weather Review, 1915, 43:512-517. 
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THE METEOROLOGICAL ACTIVITIES OF THE LATE PROF. EDWARD C. PICKERING. 


By Rosert Der C. Warp. 


(Dated: Harvard University, Cambridge, Mass., May, 1919.] 


By the death, on February 3, 1919, of Prof. Edward C. 
Pickering, for more than 40 years director of the Harvard 
Observatory, meteorology lost an enthusiastic and gener- 
ous patron. Prof. Pickering would have been the very 
first to deny that he was in any sense a meteorologist, 
but he was, throughout his long term of service as 
professor of astronomy and as head of one of our oldest 
and best-known observatories, keenly interested in the 
progress of meteorology and a liberal supporter of 
meteorological observation and research, even when that 
research was not directly connected with the work of 


_his observatory. His contributions to meteorology may 


be .briefly summarized under two heads—first, those 
which were closely related to the astronomical investi- 
gations which he undertook or planned; and, second, 
those which were outside of the field of his own science 
but to which he gave financial support because he realized 
their scientific importance. 

Under the former head come the regular meteoro- 
logical observations whieh for many years formed an 
important part of the work of the Harvard Observatory. 
The results of the early observations, from 1840 to 1888, 
were compiled (by Prof. Arthur Searle) and brought 
together in one volume of the Annals of the Observa- 
tory (vol. 19, pt. 1, 1889). Other early volumes con- 
tained the meteorological observations made at Willows, 
Cal., during the total solar eclipse of January 1, 1889 
(by Winslow Upton and A. Lawrence Rotch, vol. 29, 
pt. 1), and researches on the zodiacal light and a photo- 
graphic determination of atmospheric absorption (by 
Arthur Searle and Wiilamnia P. Fleming, vol. 19, pt. 
2). It was, however, in connection with the use of the 
Boyden fund that Prof. Pickering planned and directed 
the most important meteorological work of his observa- 
tory. In 1887, the Harvard Observatory received a 
bequest under the will of Mr. Uriah A. Boyden, the 
income from which was to aid in the establishment of 
an observatory”? at such an elevation as to be free, so 
far as practicable, from the impediments to accurate 
observation which occur in the observatories now exist- 
ing, owing to atmospheric influences.” In order to 
determine the most favorable place for the establish- 
ment of the new observatory, it was necessary to make 
a study of the meteorological conditions at various 
‘pie which seemed to promise well. Accordingly, pre- 
iminary stations, at which astronomical and meteoro- 
logical work was carried on, were established, in 1888 
and 1889, in Colorado and in California. It was in con- 
nection with this study of meteorological conditions in 
Colorado that Prof. Pickering published, in detail, in 
volume 22 of the Annals (1889) the observations made 
by the United States Signal Service on the summit of 
Pikes Peak from 1874 to 1888 (by A. W. Greely). In 
1889 an expedition was sent out, under Prof. Solon I. 
Bailey, to make a study of the meteorological conditions 
of various places along the west coast of South America. 
A temporary station was established on Mount Harvard 
(6,600 feet), about 20 miles northeast of Lima, and full 
meteorological records were kept from May, 1889, to 
September, 1890. Later study of the conditions farther 
south, including cloudiness observations thrice daily from 
December 14, 1889, to August 23, 1890, at Pampa 
Central, in the desert of Atacama, led finally to the 
selection, in October, 1890, of Arequipa, Peru, as the 


best location for the southern station of the Harvard 
Observatory. By correspondence carried on in 1887 
and 1888, Prof. Pickering had already been able to 
establish four meteorological stations in Peru, so that 


_ observations at Arequipa began in November, 1888, and 


have continued from that time to now. In connection 
with the work at Arequipa, a remarkable series of 
meteorological stations was developed, which extended 
from the Pacific, at Mollendo, across the Andes to the 
valley of the Amazon, and included the famous station 
on El Misti (19,200 feet), ‘‘the highest meteorological 
station in the world.” For various reasons, observations 
at all these stations except Arequipa were suspended at 
the end of 1900. The volumes on “Peruvian Meteor- 
ology’ of the Annals (vol. 39, pts. 1 and 2; vol. 49, pt. 
2) contain the results of these observations, 
and discussed by Prof. Solon I. Bailey. 

In order to ascertain whether the climatic conditions 
in South Africa would be better for astronomical work 
than those at Arequipa, Prof. Pickering sent an expedi- 
tion to South Africa early in 1909, under Prof. Bailey, 
who returned in 1910. Meteorological observations 
were made at several stations, but while the cloudiness 
is less than at Arequipa or in Cambridge, other condi- 
tions proved to be unfavorable, and the project of estab- 
lishing an observatory in Cape Colony was abandoned. 

Prof. Pickering’s pole-star recorder is a meteorological 
instrument whose more extended use would add greatly 
to our knowledge of the variations of cloudiness at 
night, concerning which at present relatively little is 
known! 

The second aspect of Prof. Pickering’s activities in 
connection with meteorology concerns his support of 
investigations which fell outside of the immediate scope 
of the work of his observatory. One of the objects of 
the Harvard Observatory, as defined in its statutes, is 
“cooperation in meteorological investigations.” Prof. 
Pickering lived up to the letter of that statute by co- 
operating to the fullest extent in the meteorological 
work of the Blue Hill Observatory and of the New 
England Meteorological Society. 

Blue Hill Observatory was established in 1885 by the 
late Prof. A. Lawrence Rotch. From that time to the 
present a close affiliation has existed between Blue Hill 
and the Harvard Observatory. By a mutually satisfac- 
tory financial arrangement between Prof. Pickering and 
Prof. Rotch, the long and very valuable series of mete- 
orological observations and investigations carried on at 
Blue Hill have been regularly published in the Annals 
of the Harvard Observatory. These volumes constitute 
a notable group of reports which are of the highest 
credit to American meteorology, and are known all over 
the world. 

The New England Meteorological Society was formed 
in 1884. Its object was to establish and maintain me- 
teorological stations and to promote popular interest in 
the study of meteorology. This society had from. its 
start generous support from the United States Signal 
Service and later from the Weather Bureau. It occu- 
pied for eight years in New England the same position 
as that taken by the then existing State weather services 
in other parts of the country. In 1892, the society 


1 See MONTHLY WEATHER REVIEW, March, 1919, 47: 154-155. 
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transferred all its routine work of observation to the 
Weather Bureau, which then organized a New England 
weather service, under a director, as in other States, the 
society, however, maintaining its existence, for the 
holdings of meetings and the reading of papers, until 
6 1896. Beginning with 1888, the work of the 
ew England Meteorological Society was carried on in 
cooperation with the Harvard Observatory. The ob- 
servatory published in its Annals a portion of the regular 
observations taken by the members of the society, as 
well as the annual summaries, and a considerable series 
of important investigations carried out by officers and 
members of the society.2 By this arrangement the cost 
of publishing the society’s observations and investiga- 
tions was materially lessened, and the Annals provided a 
more dignified and more permanent place of publication 
than could otherwise have been secured. The Harvard 
Observatory also equipped some of the society’s stations. 
Even after the transfer of the society’s routine obser- 
vation work to the Weather Bureau, the Harvard Ob- 
servatory continued for two years to publish the annual 
report and summary of the New England Weather 
Service, and also, until the dissolution of the New Eng- 
land Meteorological Society, that organization’s inves- 
tigations were published in the Observatory Annals. 
Prof. Pickering’s services to meteorology were thus 
many and valuable, and extended over a long period of 
or Few astronomers have contributed as much as 
e did toward its development. His interest in the 
ES ess of all science was keen and enthusiastic, but 
e had a special interest in meteorology, and never 
failed to support it when such support could be consid- 
ered to be within the scope of his own responsibility as 
director of the Harvard Observatory. 


WALTER GOULD DAVIS.' 
By Prof. Ropert Warp. 


The meteorological service of the Argentine Republic 
will be the enduring monument of Walter Gould aa 
whose death on April 30, at his old homestead in Dan- 
ville, Vt., Laowad one of the world’s best-known and 
most highly respected meteorologists. 

As a young man Mr. Davis went to Argentina to serve 
as assistant to Dr. Benjamin Apthorp Gould, who founded 
the Astronomical Observatory at Cordoba, and, in 1872, 
established the Argentine Meteorological Service. Dr. 
Gould continued in charge of this service until toward 
the end of 1884, when he left Argentina, and in 1885 Mr. 
Davis succeeded him as director, continuing in that posi- 
tion until his retirement in 1915, after 30 years of active 
work. Under Mr. Davis’s able leadership, the Argen- 
tine Meteorological Service attained a position in the 
very front rank of government meteorological organiza- 
tions. When he resigned his post, to secure well-de- 
served rest and to seek to regain his health in his own 


England climate, types of New England weather, the sea breeze, New England thunder- 
storms, the Lawrence tornado of 1890, the characteristics of tormadoes, etc. 
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country, the Argentine service extended over an area of 
nearly 3,000 miles in a north and south line, its southern- 
most station being in the South Orkney Islands, in 
latitude 60° 43’ south. Over 2,000 stations were then 
cooperating in the work of taking meteorological and 
magnetic observations. The morning and evening ob- 
servations from nearly 200 stations were being used in 
the construction of the daily weather map, in addition 
to the daily rainfall records from about 1,350 rainfall 
stations. 

Mr. Davis was a tremendously keen, active, and pro- 
gressive director. He was always well abreast of the 
times, and often was a pioneer in keeping ahead of the 
times. An illustration of his desire to have the organiza- 
tion under his control contribute in every possible wa 
to the advancement of meteorological knowledge was his 
acquirement, in 1904, of the meteorological and magnetic 
station at Laurie Island, in the South Orkneys, which 
had originally been established by the Scottish Antarctic 
=xpedition. Since 1904, this remote southern station 
has been operated, without a break in its records, as a 
part of the Argentine Meteorological Service. The 
personnel of this lonely outpost is relieved only once each 
year, when supplies are sent for the coming 12 months. 
The men are then completely isolated, without (at last 
accounts) any mail or cable communication, until the 
relief vessel returns the following year. Under these 
conditions of extreme loneliness and hardship, the ob- 
servers at Laurie Island have maintained their observa- 
tions for 15 years. This is a remarkable record of scientific 
work of the greatest importance in the study of world 
meteorology. In his Laurie Island station Mr. Davis 
always took great pride, and well he might do so. 

Fully alive to all the needs of his service, Mr. Davis 
called to help him in his scientific work the best meteorol- 
ogists whom he could find. From this country he secured, 
among others, Prof. F. H. Bigelow, formerly of the 
Weather Bureau, who has had charge of the magnetic 
vork in Argentina, and Mr. H. H. Clayton, formerly of 
Blue Hill Observatory, and now chief of the Department 
of Forecasts in Buenos Aires. 

The high quality of Mr. Davis’s work was fully appre- 
ciated by his meteorological colleagues everywhere. 
His reputation as a meteorologist and as the successful 
administrative head of a large and remarkably efficient 
organization won for him a position on the International 
Meteorological Committee, the highest international au- 
thority on meteorology. This was a_ well-deserved 
recognition of the importance of his contributions to 
meteorology, and of his sound judgment on scientific 
matters. 

The many publications of the Argentine Meteorological 
Service which were issued under Mr. Davis’s direction 
constitute an inspiring record of splendid work, well 
planned, thoroughly organized, and ably carried out. 

By the death of Walter Gould Davis the world has 
lost one of its most eminent meteorologists, and those of 
his colleagues who had the privilege of knowing him have 
lost a warm-hearted, sympathetic, and helpful friend. 


1 Reprinted from the Boston Transcript, May 5, 1919. 
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1916. 256 p. plates. charts. tables. 254cm. ‘‘Bibliograffa” 
at end of each chapter. [Clima y aguas, p. 90-125.] 

West, Frank L., & Edlefsen, N. E. . 

The climate of Utah. Logan, Utah. 1919. 66p. illus. charts. 
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Meteorologische Beobachtungen angestellt in Dorpat im Jahre 
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2 
j 
is 


244 


RECENT PAPERS BEARING ON METEOROLOGY AND 
SEISMOLOGY. 


©. TatMAN, Professor in Charge of Library. 


The following titles have been selected from the 
contents of the periodicals and serials recently received 
in the Library of the Weather Bureau. The titles selected 
are of papers and other communications bearing on 
meteorology and cognate branches of science. This is 
not a complete index of all the journals from which it 
has been compiled. It shows only the articles that 
appear to the compiler likely to be of particular interest 
in connection with the work of the Weather Bureau. 


Aeronautics. London. v.16. 1919. 

Lyons, H.G. The supply of meteorological information. p. 412- 
415. (Apr. 17.) [Deals especially with the requirements of 
aviation. | 

Wimperis, H. A. Air navigation. 
unsolved problems relating to aviation.”’ 
[Includes discussion of winds and fogs.] 

Aviation. New York. v.6. 1919. 

Gregg, Willis Ray. Trans-Atlantic flight and meteorology. 

& 370-372; 422-425. (May 1 and 19.) [Reprinted from Mo. 
eather Rev., Feb., 1919, 47: 65-75.] 
Botanical abstracts. Baltimore. v.1. December, 1918. 

Blodgett, F. H. Weather conditions and crop diseases in Texas. 
p. 141. [Abstr. Mem. Torrey Bot. Club.] 

Engineering news-record. New York. v.82. April 24, 1919. 

Vicente, M. L., & Joslin, C. F. Effect on structures of recent 
Porto Rico earthquakes. Wood frame proves safest for build- 
ings, with well-built concrete next, but articulated construction 
is poor. p. 806-808. 

Flying, New York. v.8. May, 1919. 

Gregg, Willis Ray. Trans-Atlantic flight from the meteorologist’s 

yoint of view. p. 357-361. [Reprinted from Mo. Weather 
ev., Feb., 1919, 47: 65-75. 
Geographical review. New York. April, 1919. 

Richardson, H[erbert] W. The northeastern Minnesota forest 
fires of October 12, 1918. p. 220-232. [Discusses meteoro- 
— features.] [Cf. Mo. Weather Rev., Nov., 1918, 46: 506 
509 


“The most important of the 


p. 482-487. (May 8.) 


Taylor, Griffith. Air routes to Australia. p. 256-261. [Includes 
meteorological data. Published also in Mo. Weather Rev., 
Feb., 1919, 47: 78-80.] 


National service and international military digest. v. 5. April. 1919. 


Giinther, H. The seismometer in war service. p. 248. [Abstr.: 
Schweiz. monatschr. f. Off. aller Waffen.] 
Nature. London. v.105. May 8, 1919. 
Chapman, S. The lunar tide in the atmosphere. p. 185-187. 
Physico-mathematical society of Japan. Proceedings. Tékyé. v. 1. 


April, 1919. p. 88-94. 
Nakamura, Saemontaré. 
Royal meteorological society. 
April, 1919. 
—_ Napier. Meteorology: the society and its fellows. p. 95- 
1] 


Analysis of seismogram. p. 88-94. 
Quarterly journal.. London. v. 48. 


Richardson, Lewis F. Line squall, France, 6th September, 1917. 
p. 112. 

Chapman, S. The lunar tide in the earth’s atmosphere. p. 113- 
139 


Christy, Miller. The gunfire on the continent during 1918; its 
audibility at Chignal St. James, near Chelmsford. p. 141-146. 
Christy, Miller. Two recent whirlwinds in Essex. p. 147-149. 
Brooks, C. E. P. The meteorology of Hebron, Labrador, 1883 to 
1912. p. 163-167. 
Redway, j. W. Atmospheric pollution. p. 167-169. 
Sylvester, Norman L. Rate of travel of depressions over the 
British Isles during the 12 years 1906-1917. p. 170-171. 
Mr. W. B. Tripp. M. Inst. C. E. p. 172. [Obituary.] 
Gago, Coutinho. The artificial green flash. [Translated from the 
ortuguese.] p. 178. 
Science. New York. v.49. May 28, 1919. 
Karrer, Enoch, & Tyndall, E. P. T. On the auroral display of 
May 2, 1919. p. 495-496. [See also June 6, p. 542.] 
Screntific American. New York. v.120. May, 1919. 
Skerrett, Robert C. Increasing visibility through a knowledge of 
camouflage. Suggestion of permanent peace-time value drawn 
from the efforts to make ships invisible. p. 457; 471. (May 3.) 
[Includes description of a visibility 
Sterling, Scott, & others. The road mirage. p. 485. 
Scientific American supplement. New York. v.87. 1919. 
Gregg, Willis Ray. What the weather man thinks of ocean flying. 
. 274-275; 300-302. (May 3, 10.) [Reprinted from Mo. 
eather Rev., Feb., 1919, 47: 65-75.] 


(May 10.) 
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Symons’s meteorological magazine. London. v. 54. April, 1919. 

ber hry A. Hampton. Rainfall! at Havana and in southwest Eng- 
and. p. 30. 

Academié des sciences. Comptes rendus. Paris. Tome 168. 1919. 

Guilbert, Gabriel. Sur quelques exemples de ‘‘compression de 
cyclone.”’ p. 691-693. (31 mars.) 

Dunoyer, L., & Reboul, G. Sur ]’utilisation des vents de sondage 
pour la prévision des variations barométriques. p. 785-787. 
(14 avril.) 

Guilbert, Gabriel. Sur la prévision des variations barométriques. 
p. 899-902. (5 mai.) 

Archives des sciences physiques et naturelles. 
Mars-avril 1919. 

Gautier, Raoul. Nouvelle baisse extraordinaire du barométre et 

records de basse pression & Genéve. p. 4-7. 
Astronomie. Paris. 33 année. Avril, 1919. 

Duchesne, H. Sur l’utilisation de l’artillerie 4 longue portée 
pour les observations météorologiques. p. 176-177. [Suggests 
making atmospheric soundings by means of projectiles carrying 
meteorological apparatus, to be fired from cannon.] 

Nature. Paris. 47 année. 1919. 

Drosométre nouveau. p. suppl. 57. 
paper by Eredia.] 

Boyer, Jacques. Le cinématographe appliqué A l’étude des cartes 
météorologiques. Son réle dans la documentation scientifique 
et dans l’enseignement. p. 353-355. (17 mai.) 

Annalen der Physik. Leipzig. Band 55. 1918. 

Demter, H., & Uibe, M. Uber die scheinbare Gestalt des 

Himmelsgewélbes. p. 387-396. (H. 5.) 
Annalen der Physik. Leipz. Band 56. 1918. 

Dember, H., & Uibe, M. Uber die spektrale Polarisation des 
diffusen Sonnenlichts in der Erdatmosphire. p. 208-224. 
(H. 3.) 

Gockel, A[lbert]. Beitrige zur Kenntnis von Farbe und Polari- 
sation des Himmelslichtes. p. 617-638. (H. 8.) 

Annalen der Physik. Leipzig. Band 57. 1918. 

Hauer, F. v. Die Polarisation des Lichtes in triiben Medien im 
Hinblicke auf das Himmelslicht.  p. 145-160. (H. 2.) 

Wegener, Alfred. Elementare Theorie der atmosphirischen Spie- 
gelungen. p. 203-230. (H. 3.) 

Annalen der Physik. Beiblitter. Leipzig. Band 42. 1918. 

Sverdrup, H. U. Der nordatlantischen Passat. p. 285-286. (H. 
13.) [Abstract.] 

Visser, S. W. Uber die Beugung des Lichtes bei der Bildung 
von Halos. p. 288. (H. 13.) [Abstract. | 

Dember, H., & Uibe, M. Uber die scheinbare Gestalt des Him- 
melsgewélbes. p. 348-349. (H. 16.) [Abstract. | 

Dember, H., & Uibe, M. Uber die spektrale Polarisation des 
diffusen Sonnenlichtes in der Erdatmosphire. I. Teil: Beo- 
bachtungen neutraler Punkte. Vierter Bericht iiber die Erge- 
bnisse der auf Teneriffa ausgefiithrten Arbeiten. p. 349-351. 
(H. 16.) [Abstract.] 

Rempp, E. Uber einige technische Erfahrungen mit dem Benn- 
dorischen registrierenden Elektrometer und itiber einige Hilis- 
apparate. p. 352. (H. 16.) [Abstract.] 

Stok, J. P[aulus| van der. Der Zusammenhang zwischen meteor- 
ologischen Zustiinden in den Niederlinden und in umliegenden 
Orten. I. Luitdruck. p. 443-444. (H. 20/21.) [Abstract. | 

Stok, J. P{aulus| van der. Der Zusammenhang zwischen meteor- 
ologischen Zustanden in den Niederlinden und in umliegenden 


Geneve. 5 pér. v. 1, 


(19 avril). [Abstract of 


Orten. II. Luftdruckunterschied und Wind. p. 444. (H. 20/ 
21.) [Abstract. | 
Meteorologische Zeitschrift. Braunschweig. Band 33. 1916. 
Wenger, Rjobert}. Uber den gegenwartigen Stand der Féhntheo- 
rie. p. 1-10. (Jan.) 
gstrém, Anders. Finigen Beobachtungen tiber Temperatur- 


(Jan.) 
Kine Fehlerquelle in den Regenangaben. 
[Points out a defective feature of Hungarian 


wellen. p. 10-13. 
Hegyfoky, J{akob]. 

p. 13-15. (Jan.) 

rain-gages. 

Gockel, A{ibert]. Beitriige zur Kenntnis der in der Atmosphare 
vorhandenen durchdringenden Strahlung. p. 15-24. (Jan.) 

Schmidt, Afdolf]. Die Erdmagnetische Storung am 17. Juni 1915 
in Potsdam und Seddin. p. 25-29. (Jan.) 

Hann, J[ulius| v. Zum Klima der australischen Alpen. p. 29-33. 
(Jan.) 

Quelle, O[tto|. Zum Klima der Provinz Murcia. p. 33-34. (Jan.) 

Ludewig, Pfaul|. Einige Beobachtungen tiber die Hérbarkeit 
des Kanonendonners. p. 35-38. (Jan.) 

Hann, J{fulius| v. Ergebnisse der meteorologischen Beobachtun- 
gen in Kisfjord auf Spitzbergen 1912, 1913 und 1914. p. 38440. 
(Jan.) 

Hann, J(ulius] vy. Klimatafeln fiir die Balkanhalbinsel. p. 40-41. 
(Jan.) [Gives list of climatic tables that have been published 
in Meteorologische Zeitschrift for stations in the Balkan penin- 
sula. 

Dietzius, Robert. 
(Jan.) 
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Abbot, C{harles| G[reeley|, Fowle, F. E., & Aldrich, L. B. 
Intensitat der Sonnenstrahlung ausserhalb der Atmosphire. 
p. 49-55. [Abstract.] (Jan.) 
gstrém, Anders. Die effektive Ausstrahlung wiahrend der 
totalen Sonnenfinsternis am 21. August 1914. p. 56-59. (Feb.) 

Wegener, Kurt. Die meteorologischen Auizeichnungen am Spitz- 
bergen-Observatorium 1912 bis 1913. p. 59-64. (Feb.) 

Mazelle, Eduard. Uber die Windverhaltnisse in den héheren 
Luitschichten nach den Pilotballonbeobachtungen in Triest. 
p. 64-69. (Feb.) ; 

Hann, Julius]. v. Der tigliche Gang des Luftdruckes zu Quito 
und am Aquator tiberhaupt. p. 69-75. (Feb.) 

Hann, J(ulius| v. Die unperiodischen Luitdruckschwankungen 
auf dem Gipiel des Sonnblick 3105m und zu Salzburg 435m in 
der Periode 1891 bis 1910. (Feb.) 

H{ann|, J(ulius| v. Phinologische Beobachtungen in Bozen-Gries, 
verglichen mit jenem in Darmstadt, Giessen und Niirnberg. 
p. 81-82. 

Zum Klima von Neu-Guinea. p. 82-83. (Feb.) 

en Robert. Das Divergenzfeld des Windes. p. 86-88. 

(Feb.) 

Képpen, W{ladimir|. Beauf rt-Skala und Windgeschwindigkeit. 
der meteoro »gischen Korrelationen.) p. 88-91. 
(Feb. 

Topolansky, Moriz. Das Verhiltnis der Tage mit Niederschlag 
zu den Tagen mit Schnee in Osterreich in den Jahren 1902 bis 
1911. p. 91-93. (Feb.) 

Hann, Jiulius| v. Mohn: Meteorologie der antarktischen Expe- 
dition von R. Amundsen. p. 97-102. (Marz.) 

Defant, Albert]. Die Divergenz des Windes in den synoptischen 
Wetterkarten und ihre Beziehung zu den gleichzeitigen und 
folgenden Druckinderungen. p. 102-111. (Miarz.) 

Schmidt, Wilhelm. Das Ausstrahlungs- und Reflexionsvermégen 
des Wassers. p. 111-120. (Marz.) 

Alt, Ejugen|. Graphische Ermittelung der Grundwerte des sola- 
ren Kiimas. p. 120-125. (Miarz.) 

Jahrliche Periode der Temperaturumkehrungen auf dem Ben 
Nevis. p. 126. (Marz.) 

Segeeeees, Moriz. Ergebnisse aus der Beobachtung der Ver- 
dunstung und des Ozons in den Jahren 1905 bis 1914, an der 
k. k. Zentralanstalt ftir Meteorologie und Geodynamik zu Wien. 
p. 126-127. (Miarz.) 

Dietzius, Robert. Bestimmung der Divergenz des Windes im 
Windfelde. bei gegebenem Druckfelde. p. 129-131. 
(Mirz.) 

Hann, Jlulius}] v. Schlechte Mittel der Bewélkung als Folge 
eines mangelhaften Beschlusses der Meteorologen-Kongresse. 

. 131-133. (Miirz.) [Misleading statistics of cloudiness due to 
ignoring density of clouds.] 

C. Kassner: Uber die Zunahme des Nebels in Sofia und ihre 
Ursachen. p. 135-138. (Miarz.) [Increased fog in Sofia due to 
increase of smoke. 

Nippoldt, Beobachtung zweier ‘Stillen Entladungen.” 
p. 138-189. (Miirz.) 

Siiring, R{einhard]. Bemerkungen zu Nippoldts Beobachtung 
stiller elektrischen Entladungen. p. 139-140. (Marz.) 

Linke, Franz. Niederschlagsmessungen unter Baumen. p. 140- 
141. (Mirz.) [Fog-drip from trees at a mountain station.] 

Hann, Jiulius] v. Dr. Anton Huber: Das Klima der Zugspitze. 
p. 149-154. (April.) [Abstract.] 

Schubert, Joh{annes]. Die tiigliche Winddrehung zu Eberswalde 
und Lindenberg. p. 154-157. (April.) 

Linke Franz. Uber die atmosphirische Quelle der durchdringen- 
den Strahlung. 157-162. (April.) 

Birkeland, B{ernt] Jjohannes]. Darstellung von Niederschlags- 
variationen nach Monatswerten. p. 162-166. (April.) 

Rona, S{igmund]. Nikolaus Thege von Konkoly. p. 166-168. 
(April.) [Obituary.] 

Maurer, J[ulius}]. Merkwiirdige Schwankungen der Sichtbarkeit 
der Alpen. p. 168-170. (April.) 

Roth, J. hes die Form und Struktur der Hagelkérner. p. 170- 
172. (April.) 

Liznar, J[oseph]. LEinige Bemerkungen zu E, Alt’s Mitteilung: 
neue Gestalt der hypsometrischen Formel.” p. 172-177. 
(Apru.). 

Benes. Uber eine ausserordentliche Hérweite des Geschiitz- 
donners. p. 177-179. (2 pril.). 

Schwalbe, [Gustav Friedrich]. Uber Regenwindrosen und iiber 
den Anteil des Schnees an der Gesamtmenge des Niederschlages. 
p. 179-182. (April.) [Abstract.] 

Kohlschiitter, E{rnst]. Zur barometrischen Héhenmessung. p. 
182-184. 

Géschl, Fr[anz]. Die Leistungsfihigkeit der atmosphirischen 
Flut. p. 184-187. (April.) 
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e, Walter. Sehrstarke Verdunstung in kurzer Zeit. p. 187- 
189. (April.) 


220-225. (Mai.) 

E. Kron iiber die abhangigkeit des Transmissionskoeflicienten der 
Strahlung durch die Erdatmosphire von der Wellenlinge. p. 
228-230. (Mai.) 

Giéschl, Fr[anz]. Tabellarische Ubersicht tiber langsame Hoch- 
druckwanderungen seit 1910. p. 230-232. (Mai.) 

Schmidt, Wilhelm. Messung Vertikalgeschwindigkeit 
Wolken. p. 232-235. (Mai.) 

D.,A. Die Helligkeit des Nachthimmels auf dem Mount Whitney. 
p. 235-236. (Mai.) 

Laska, V. Der Variationsindex. p. 241-247. (Juni.) 

Schmid, Friedr[ich]. Zodiakallicht und Dammerungsschein. p. 
247-257. (Juni.) 

Schmidt, Wilhelm. Ausstrahlung und Reflexion an Wasser- 
flichen. p. 257-264. (Juni.) 

Sverdrup, ne U. Der feucht-adiabatische Temperaturgradient. 
p. 265-272. (Juni.) 

Bl. Zur Gewittervorhersage. p. 272-273. (Juni.) 

Budig, W[alter]. Zur Gewittervorhersage. p. 275-276. (Juni.) 

Maurer, J[ulius]. Verschlechterung der Bewélkungsziffern in den 
letzten Dezennien. p. 276-278. (Juni.) 

Schlein, Anton. Die Normalbarometer von Wien, Berlin, Buda- 
pest, Belgrad, Sofia, Bukarest, Athen, Neapel, und Rom. p. 
278-282. (Juni.) 

Réthly, Anton. Eisregen in Budapest. p. 282-285. 0 uni.) 

Lachman, G[eorge]., & Schwalbe, G[ustav Friedrich]. Die Héhe 
der Schneedecke in Norddeutschland. p. 289-305. (Juli.) 

Schreiber, Paul. Uber die Herleitung von Tagesmitteln der 
mee aus den Terminbeobachtungen. p. 306-309. 
(Juli. 

Bergwitz, Karl. Bemerkungen zu der Abhandlung von Franz 
Linke ‘‘ Uber die atmosphirische Quelle der durchdringenden 
Strahlung.”’ p. 310-313. (Juli.) 

Schmidt, Wilhelm. Die Fortpflanzung des Schalles in der At- 
mosphiare. p. 314-316. (Juli.) 

Liznar, J{oseph|. Uber die Bedeutung der ‘‘wahren Mittel- 
ow ’ in der barometrischen Héhenformel. p. 316-318. 

uli. 

Messow, Bienno], 4 Thiele, Hiolger]. Nordlichtbeobachtungen 
am 25., 26. und 29, April 1916 in Bergedorf und Hamburg. p. 
318-319. [Juli.] 

Rudel, K[asper]. Frostwechsel. p. 324-326. (Juli.) 

H. Der tropische Orkan vom 10: bis 23. August 1915, iiber 
Westindien und Nordamerika. p. 326-328. (Juli.) [Repr., 
Annalen der Hydrographie.] 

Krebs, Wilhelm. Dietrich von Freiburg und seine Rogenbogen 
theorie. p. 329-330. [Juli.] 

Dreis, Jjohannes}. Einige Beobachtungen iiber homogenejNebel. 
p. 330-332. [Juli.] 

Wolfer, A[lfredj. Antal Réthly: Die tigliche Verdunstung nach 
den Tageszeiten und das tigliche Maximum in Ungarn. p. 
333-334. (Juli.) [Abstract.J 

Spitaler, R[udolph]. Der tiagliche Gang der Windgeschwindigkeit, 
insbesondere der stiirmischen Winde aui dem Donnersberg. 
p. 337-351. (Aug.) 

Emden, a Beitrige zur Thermodynamik der Atmosphire. 
p. 351-360. (Aug.) . 

Laska, V. Uber die Bearbeitung von langen Beobachtungsreihen. 
p. 361-366. (Aug.) 
Bandl, E. Uber einen méglichen Zusammenhang gewisser Wit- 
terungsvorginge mit der radioaktiven Emanation des Erdbodens. 

p. 366-370. (Aug.) 

Kolhérster, Werner. Beobachtung Haidingerscher Biischel am 
blauen Himmel mit unbewaffnetem Auge. p. 370-371. (Aug.) 

Hellmann, G[ustav]. Zum Klima von Alexandrien. p. 371-373. 
(Aug.) 

Hann, oy Zum Klima von Uruguay. p. 373-3874: (Aug.) 

Fessler, A. er Nebel im Laibach. p. 374-876. (Aug.) [Ab- 
stract.} 

Stérmer, Karl. Die Hihe der Nordlichter nach den Beobachtun- 
gen zu Bossekop im Frihling des Jahres 1913. p. 376-377. 
(Aug.) [Abstract.] 


7 
Maurer, J[ulius}. Bodentemperatur und Sonnenstrahlung in den _ 
schweizer Alpen. 193-199. (Mai.) 
Schmidt, Wilhelm. Messungen an Glorien und Nebelbogen auf . abr 
dem Sonnblick. p. 199-207. (Mai.) 
H. U. Stationire Bewegungsfelder. p. 208-210. 
(Mai.) 
Defant, F. E. Fowle: Uber den Anteil des Wasserdampf- 
es bei der Schwichung der Sonnenstrahlung in der Atmosphire _ 
der Erde. p. 211-219. (Mai.) 
f° Dietzius, Robert. Die Winde iiber Wien am 2. Mai 1912. p. _ 
| 
a 
i 
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Billwiller, R[obert]. Die Haupttypen grosser Niederschlige in der 
Schweiz. p. 379-381. (Aug.) 

Hann, J[ulius} v. Zum Klima der Anden von Chile. p. 381-382. 
A 


(Aug.) 

Birkeland, Bfernt] J[ohannes]. Uber eine zweijihrige Periode 
in den meteorologischen Elementen. p. 382-383. (Aug.) 

Hann, J[ulius| v., & Siring R{einhard]. Wladimir Képpen zum 
siebenzigsten Geburtstag., p. 385. (Sept.) [With portrait]. 

Képpen, W{ladimir). lenderreform und Meteorologie. p. 
386-391. (Sept.) 

Hellmann, G[ustav]. Hiufigkeit und Dauer der Niederschlige, 
p. a (Sept.) [Illustrated with analysis of the Potsdam 
record. | 

Henze, H{[ermann]. Die Periode der Sonnenrotation im jahrlichen 
Gang der Lufttemperatur und ihre Anwendung auf andere 
meteorologische Elemente. p. 398-410. (Sept.) 

Sverdrup, H. U. Uber Mittelwerte von Vektorpaaren mit An- 
wendungen auf meteorologischen Aufgaben. p. 411-420. (Sept.) 

KGppen, W[ladimir]. Aktive und passive Teile in Cumulus. p. 
421-422. (Sept.) 

Képpen, W[ladimir). Die Zyklone in der Teetasse. 422. (Sept.) 
Rimony phenomena illustrated by movements of tea-leaves in a 
teacup. 

Schmidt, Wilhelm, Die Gewitterregen vom9. und10. Juli, 1916 
in Wien. p. 422-423. (Sept.) 

Hann, J[ulius] v. Zur barometrischen Héhenmessung. p. 424- 
425. (Sept.) 

Postelmann. Farbenwechsel von Meteoren. p. 425-426. (Sept.) 

Sassenfeld, Max. Hiufigkeit der Wolkenformen in Friedrichs- 
hafen. p. 426-428. (Sept.) 

Meteorologische Beobachtungen auf Spitzbergen 1914 und 1915. 
p. 428-429. (Sept.) 

Maurer, J[ulius]. Wirkung solarer Kathodenstrahlung in unserer 
Atmosphiare. p. 429. (Sept.) 

Roter Schnee. p. 429-430. (Sept.) 

{Articles in the October and November, 1916, numbers of the 
Meteorologische Zeitschrift were listed in this Review for No- 
vember and December, 1916.] 

Angstrém, Anders. Uber die Gegenstrahlung der Atmosphiire. 
p. 529-538. (Dez.) [con. in Bd. 34, 1917, p. 14-24.] 

Dietzius, Robert. Berechnung von Windhaufigkeiten nach der 
Differenzenmethode. p. 541-543. (Dez.) 

Wenger, albert, Ein neunfacher Linienblitz. p. 544. (Dez.) 

Gockel, Allbert]. Zur Gewitterprognose. p. 544-545. (Dez.) 
[Enhanced conductivity of the atmosphere as a prognostic of 
thunderstorms. ] 

Barkow, E. Uber eine ungewéhnliche Haloerscheinung. p. 545- 
546. (Dez.) 

Hillers, Wilhfelm]. Uber eine vermutete Beobachtung ausser- 
ordentlich weiter Hérbarkeit des Geschiitzdonners. p. 548: 
550. (Dez.) : 

Hann, J{ulius] v. Der jihrliche und der tiagliche Gang der 
relativen Feuchtigkeit auf dem Sonnwendstein (1470 m.) bei 
Wien. p. 550-553. .(Dez.) [Abstr. Sitzb. Wien. Akad.] 

Hagemeister, Henry. Vervielfiiltigung des Knalles von Kanonen- 
schiissen. p. 553. (Dez.) 

Hann, fulius} v. Bewdélkung und Sonnenschein auf dem Sonn- 
wendstein (1470 m.) bei Wien. p. 554-556. (Dez.) [Abstr. 
Sitzb. Wien. Akad. 

Goschl, [Franz]. Nachweis der 3.2 monatlichen Hochdruck- 
an relativen Druckschwankungen. p. 556-557. 
(Dez.) 
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Dorr, Josef Norbert. Die Windhose von Wiener-Neustadt am 10. 
Juli 1916. p. 1-14, (Jan.) 
gstrém, Anders. Uber die Gegenstrahlung der Atmosphire. 
p. 14-24. (Jan.) ([Continuation.] 

Gallenkamp, W. Uber die Zusammenhang von Windgeschwindig- 
keit und Verdunstung. p. 24-29. (Jan.) 

Kerner, Fritz v. Temperatur und Regenmessungen aus Peru. 
p. 29-34. (Jan.) 

Monné, A. J. Zusammenhang zwischen der Witterung und dem 
Betragen der Schulkinder. p. 36-39. (Jan.) = from 
Hemel en dampkring, with comments by translator.] 

Rolf, Bruno. Uber Kondensation und Verdunstung an einer 
Schneeoberfliche. p. 41-42. (Jan.) [Abstract.] 

Schmidt, Wilhelm. Ein einfacher Verschluss des aspirierten 
feuchten Thermometers. p. 42-43. (Jan.) 

Képpen, W/[ladimir]. Verdunstungsmenge, Verdunstungskilte 
und Dampfhunger. . 49-58. (Feb.) 

Brand, W. Jahrliche des Geschiitzdonners 
und seine gréssten bisherigen Reichweiten. p. 58-70. (Feb.) 

Dietzius, Robert. Die Richtung des Windes iiber Wien an sehr 
heiteren Tagen. p. 70-76. (Feb.) 
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Quervain, A[lfred] de. Die Bestimmung des jiahrlichen Firn- 
niederschlages durch Schneefiirbung und Wigung. p. 76-82. 


(Feb.) 
Hann, Julius] v. Heinrich Mohn. p. 82-84. (Feb.) [Obitu- 


ary.] - 

Uber Tagesmaxima des Regenfalles auf Java. p. 84. (Feb.) 

Schmidt, Wilhelm. Das Summen der Telegraphendrihte. 1. 84- 
86. (Feb.) [From Das Wetter.] 

Robitzsch, M. Das Summen der Telegraphendrihte. p. 86-87. 
(Feb.) 

Cramer, H[einrich]. Zur Anwendung der polytropen Héhen- 
formel. ‘p. 87-89. (Feb.) 

Conrad, Victor. Tiglicher Gang des Luftdrucks zu Belgrad. 
p. 89-91. (Feb.) 

Kerner, Fritz v. Zonale Verteilung der Regenhiufigkeit auf 
dem Atlantischen Ozean. p. 91-92. (Feb.) 

Kerner, Fritz v. Messung von Bodentemperaturen auf Gipfeln der 
Stubaier Alpen. p. 92-94. (Feb.) 

Schmauss, A[ugust]. Beitriige zur Dynamik der Atmosphire. p. 
97-121. (Miirz.) 

— V. Der Variationsindex und die Glittung. p,. 122-129, 
(Marz.) 

Siiring Rfeinhard]. Nachruf auf Cleveland Abbe. p. 129-130. 
(Marz. ) 

Rainow, R. Staiko D. Staikoff. p. 130-131. (Mirz.) [Obitu- 


ary. 

Schanidt, Wilhelm. Der Variationsindex und die Glittung. p. 
131-132. (Miirz.) 

Quervain, Ajlfred] de. “‘Ultra-cirren” am 6. August, 1916. p. 
132-133. (Miarz.) 

Schmauss, Afugust]. Kohiirente und inkohirente Hoch- und 
Tiefdruckgebiete. p. 133-134. (Miirz.) 

Schmidt, Wilhelm. Aussere Hérbarkeitszone und Wasserstoff- 
sphire. p. 134-136. (Marz.) 

Kassner, Crarl}. Der Einfluss Berlins als Grossstadt auf die 
Schneeverhiltnisse. p. 136-137. (Mirz.) 

Kerner, Fritz v. Temperaturdifferenzen zwischen je 5° Linge 
auf den Breitengraden. p. 137-138. (Mirz.) 

Steiner, C. Zur Warmebewegung im Erdboden. p. 138-139. 
(Mirz.) 

Hfann], Jf{ulius] v. Alexander v. Humboldt iiber die Griindung 
eines meteorologischen Beobachtungsnetzes in Bayern. p. 
139-140. (Marz.) 

Schmidt, Wilhelm. Stehende Schwingungen in der Luft. p. 
140-141. (Mirz.) 

Schubert, Johjannes]. Niederschlag, Verdunstung, Bodenfeuch- 
tigkeit, Schneedecke in Waldbestinden und im Freien. p. 
145-153. (Apr./Mai.) 

Dorno, C. Dimmerungsbeobachtungen Herbst 1911 bis Anfang 
1917. p. 153-165. (Apr./Mai.) 

Bjerknes, Viilhelm]. Theoretisch-meteorologische Mitteilungen. 
p. 166-176. (Apr./Mai.) [Continuation.] 

Range, Paul. Zur Meteorologie des Sinai. p. 176-180. (Apr./ 
Mai.) 

Schubert, Johfannes]. L. A. Grossmann. p. 180-182. (Apr./ 
Mai.) [Obituary.] 

Brennecke, W{ilhelm]. Beziehungen zwischen der Stirke des 
Nordost-Passats im Sommer und der Wintertemperatur von 
Europa. p. 182-184. (Apr./Mai.) [Abstr. Annalen d. Hydro- 
graphie.] 

Hann, J{ulius] v. iiber Klima des Kongobeckens: 
Temperatur, Feuchtigkeit, Gewitter. p. 184-185. 

Hann, J{ulius] v. Die dritteltagige (achtstundige) Luftdruck- 
schwangkung. p. 185-188. (Apr./Mai.) 

Hagenbach, Aug. Uber Verdreifachung des Kanonendonners. 
p. 188-190. 

Strouhal, V. Das Summen in den Telegraphendrahten. p. 190 
191. (Apr./Mai.) 

Benkendorff, R. Untersuchungen iiber die Zunahme der Wind- 
geschwindigkeit mit der Héhe, p. 191-192. [Abstract.] 

Benkendorff, R. Einfluss der Béschung auf die Bewegung der 
untersten Luftschichten. p. 192-193. [Abstract.] 

Maurer, J{ulius]. Einige Ergebnisse aus den Temperaturlotungen 
(1904 bis 1912) im Ziirich- und Walensee. 193-197. 

Hesselberg, Th., & Sverdrup, H. U. Die Reibung in der Atmos- 
phire. p. 201-202. (Apr./Mai.) 

Hann, J[ulius] v. Mittlere Temperaturen unter 18° Nord- (Port 
au Prince) und 18° Siid-Breite (Tananarivo) wihrend der letzten 
Sonnenfleckenperiode 1901 bis 1913. p. 202. (Apr./Mai.) 

Képpen, W{ladimir]. Nebelbildung iiber Land und Meer. p. 
209-224. (Juni/Juli.) 

Toepler, Max. Zur Kenntnis der Gesetze der Bildung von Leucht- 
massen. (Perlen) bei Perlschnurblitzen. p. 225-239. (Juni/ 
Juli.) 
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Schneider, Rudolf. Kaltenbrunners statistische Methode der 
. 239-246. (Juni/Juli.) 

Dorno, C. Ringerscheinungen um die Sonne wihrend der Jahre 
1912 bis 1917 und ibre Beziehung zur Sonnentitigkeit. p. 246- 
260. (Juni/Juli.) 

Reimann. Abbildung einer Photographie durch den Blitz. p. 
261-262. (Juni/Juli.) 

Zinner, E. Bildung einer Haufenwolke iiber einer Rauchwolke. 
p. 264-265. (Juni/Juli.) 

Lampa, Anton. Merkwiirdige Schneegebilde. p. 266. (Juni/ 
Juli.) 

Hellmann, Snag Uber die Bewegung der Luft in den unter- 
sten Schichten der Atmosphire. Zweite Mitteilung. p. 273- 
285. (Aug./Sept.) 

Sverdrup, H. U. Uber die Korrelation zwischen Vektoren mit 
Anwendung auf meteorologische Aufgabe. p. 285-291. (Aug./ 
Sept.) 

Schreiber, Paul. Zwei im Kénigreich Sachsen wihrend des 
Weltkrieges erbaute Wetterwarten. p. 291-295. (Aug./Sept.) 

Wegener, Alfred. Die Nebensonne unter dem Horizont. p. 295— 
298. (Aug./Sept.) 

Pollack, Vincenz. Zur Verwitterung durch Rauchgase und 
Schlagregen. p. 298-305. (Aug./Sept.) 

Liznar, J(oseph]. Die neuen barometrischen Héhenformel von 
E. Alt. p. 306-308. (Aug./Sept.) 

Marquardsen, Hugo. Regenfall im Kongobecken. p. 308-311. 
(Aug./Sept.) [Abstract. 
gerango, der Sonnblick von Java. p. 312-318. (Aug./Bept.) 

Hann, Jiulius] v. Die Eisverhiltnisse in den arktischen Meeren. 
p. 318-320. (Aug./Sept.) 

Hann, J{ulius] v. A H. Palmer: Halos und ihre Beziehung zum 
Wetter. p. 320-322. (Aug./Sept.) [Abstract from Mo. Wea. Rev.] 

Hann, J{ulius|v. Die Gleichungen des tiiglichen Ganges der 
Windstirke in fiinf verschiedenen. Héhen am Telefunkenturm 
in Nauen. p. 322-323. (Aug./Sept.) 

Hegyfoky, J/akob}]. Phinologische Karte des Frithlingseinzuges 
auf den Britischen Inseln. p. 323-324. (Aug./Sept.) 

Grosse. Graphische Darstellungen in der Meteorologie. p. 
324-325. (Aug./Sept.) 

Spitaler, R{udolph]. Die tigliche Periode der starken und 
schwachen Winde. p. 327-328. (Aug./Sept.) 

Hann, Jiulius] v. H. Mohn: “Der Luitdruck zu Framheim und 
seine tigliche Periode.”’ p. 328-330. (Aug./Sept.) 

Hann, Juss] v. Schwankungen der temporiren Schneegrenze 
am Arlberge in den Jahren 1855 bis 1879. p. 330-331. (Aug./ 
Sept.) 

Schmidt, Wilhelm. Einfluss von Wirbeln mit horizontaler Achse 
auf die Steiggeschwindigkeit von Pilotballonen. p. 337-344. 
(Okt./Nov.) 

Bjerknes, V{ilhelm]. Uber die Forthewegung der Konvergenz- 
und Divergenzlinien. p. 345-349. (Okt./Nov.) 

Gallenkamp, W. Verdunstungsmenge, Verdunstungskilte und 
Dampfhunger. p. 349-354. (Okt./Nov.) 

Spitaler, Riudolph]. Der tigliche Gang der Geschwindigkeit 
stiirmischer Winde und des Luftdruckes bei den vier Haupt- 
windrichtungen auf dem Donntrsberge. p. 355-358. (Okt./ 

Nov.) 


MONTHLY WEATHER REVIEW. 247 


Meteorologische zeitschrift. Braunschweig. Band 84. 1917—Contd. 


Hellmann, G[ustav]. Uber die angebliche Zunahme der Blitz- 
gefahr. p. 359-363. (Okt./Nov.) 
Hann, J[ulius] v. Zum Klima von Belgisch-Kongo. p. 365-367. 


Exner, Flelix] M. Niederschlagsdaten aus Palistina. p. 367. 
(Okt./Nov.) for 1914-1916.] 

Rainow, W. Uber die letzten Winter in Bulgarien. +p. 367-368. 
(Okt./Nov.)_ [Winter data 1899-1917.] 

Hann, (pen. v. Ergebnisse geophysikalischer Beobachtungen 
iiber dem grossen Simplontunnel. p. 369-371. (Okt./ 

ov. 

Hellmann, G{ustav]. Die Windgeschwindigkeit auf dem Brocken- 
gipfel. p. 372-375. (Okt./Nov.) 

Hiann], J[ulius] v. Ergebnisse 20 jihriger Regenmessungen zu 
Campos, Brasilien. p.375. (Okt./Nov.) 

Hann, Julius] v. Die Temperaturinversion in den untersten 
Luftschichten im Polargebiete. p. 375-377. (Okt./Nov.) 

Gischl, Franz. Kosmische Ursachen triiber Wetterlagen. p. 
377-378. (Okt./Nov.) 

Schmauss, Ajugust]. Zwei zeitgemiisse Fragen. p. 380-381. 
(Okt./Nov.) [Discusses the question whether meteorological 
observations should continue to be (1) taken and (2) published 
on the same extensive scale as heretofore, | 

Képpen, W(ladimir]. Den Zusammenhang der mikroseismischen 
Nr mit meteorologischen Faktoren. p. 381-382. (Okt./ 

ov. 

Grundmann, G. Zur Theorie des oberen Beriihrungsbogens des 
Halo von 46°. p. 383-384. (Okt./Nov.) 

Wi(ladimir]. Pendelnder Thermograph. p. 384-385. 
(Okt./Nov.) 

E. Barkow iiber die vertikale Temperaturverteilung iiber Fram- 
heim im Winter und im Sommer. p. 385-387. (Okt./Nov.) 
[From Annalen der Hydrographie.] 

Dorner, Johann. Wetterregeln der ungarischen Hirten. p. 
387-388. (Okt./Nov.) 

Hann, J[ulius] v. Uber die scheinbare zunahme der Bewélkung 
in Wien. p. 388-390. (Okt./Nov.) 

Paetz, Adolf. Niederschlige nach starken Héhenwind innerhaib 
der nichsten 24 Stunden. p. 390-392. (Okt./Nov.) 

Emden, Rfobert]. Exner, Felix M. Dynamische Meteorologie. 
p. 393-398. (Okt./Nov.) [Detailed review and abstract.] 

Afugust]. Die Bildung von Sturminseln. p. 401-415. 

eZ. 
er, P. Anleitung zur Beobachtung der Dimmerungsfarben. 
p. 415-424. (Dez.) 

Hann, Jlulius]v. Resultate 40 jihriger (1866 bis 1905) stiindlicher 
Beobachtungen in Batavia. p. 424430. 
(Dez. 

Moench, F. Uber vervielfailtigung des Kanonendonners. p. 
430-431. (Dez.) 


Hemel en dampkring. Den. Haag. 16. Jaargang. 1919. 
an, Ch. M. A. 


‘ Isoplethen van de temperatur in Nederland. 
p. 169-171. (Maart.) 

Pinkhof, M. Land- en zeewinden in Nederland. p. 172-174. 
(Maart.) 

Everdingen, E. van. L.Roosenburg. p.. 177-178 [Obituary.] 
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Station. 


Broken Avrow, Oxia ®.. 


Dayton, Ohio... 


191 


274 


396 | 


444 


141 
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SPECIAL OBSERVATIONS. 
HALO PHENOMENA OBSERVED DURING APRIL, 1919. 


By WItuis Ray GreGG, Meteorologist. 


166 | 


| 


Apri, 1919 


| Time of — 
| 
- - 
Date. Form observed. 
} Beginning.| Ending. Time. 
| 
| 
36 02 95 49 4 | Solar halo, 22°..... 10:00a.m. | 3:30 p.m 
11 | Solar halo, 22°..... 9:45 a.m. | 10:50a.m 
18 Solar halo, 22°..... 9:12a,m.| 9:40a.m 
18 Parhelion,22°,right 9:28a.m.)| 9:40a.m 
18 | Parhelion, 22°,left.. 9:12a.m./| 9:40am. 
91 | Solar halo, 22°.....| 8:20a.m./| 8:45 a, 
93 | Solar halo, 22°..... 8:32a.m.| 8:45 a. 
23 | Parhelion,22°,left.| 8:20a.m.| 8:27 a. 
23 | Solar halo, 22°..... 11:10a,m. 11:30 a. 
| 99 | Solar halo, 10:18 a.m. | 10:35 a. 
39 06 | 84 30 6 | Solar haol, 22°..... 11:48a.m. | 12:15 p. 
6 Parhelion,22° right) 5:05p.m.| 5:20 p. 
7 “Lunar halo,22°...| 7:30p.m.| 8:20 p. 
| | Lunar halo, 22°...| 8:00p.m.| 8:40 p. 
9 | Solar haol, 22°....., 11:40. 1:30 p. 
13 | Lunar halo, 22°...; 8:00p.m./ 8:30 p. 
18 | Solar halo, 22°.....) 5:00 p.m.! 5:50 p. 
18 | Parhelion, 22°,left.) 5:10p.m.| 5:12 p. 
27 | Solar halo, 22°...../ 10:55 a.m. | 12:30 p. 
99 | Solar halo, 22°.....) 11:15 a.m. | 11:58 a. 
39 46 84 10 6 | Solar halo, 22°..... | 1:00p.m. | 1:30 p. 
7 | Tanar halo, 22°...) 7:30p.m.| D.N. 
| Lunarhalo, 22°....| 7:45p.m.|} D.N. 
13 | Lunar halo, 22°....; 8:50 p.m.| 9:15 p. 
18 | Solar halo, 22°....-. | 11:35 a.m. | 11:50 a, 
19 | Solar halo, 22°.....| 3:25 p.m.| 3:40 p. 
27 | Solar halo, 22°.....| 11:15a.m.| 3:10 p. 
29 | Solar halo, 22°..... | 9:45 a.m. | 12:30 p. 
41 20/96 16 5 | Solar halo, 22°.....; 9:50a.m. | 10:10. 
| 6 | Parhelion,22° right) 7: 
| 6 | Parhelion, 22°, ieft.| 7 .| 8:14a. 
45 59/98 34 4 | Solar halo, 22° | 12:56 p. 
11 | Solar halo, 22°..... | 6:45 p. 
15 | Solar halo, 22°.....| 6:55 p. 
15 | Solar halo, 16°... .| ; 8:28 a.m. 
20 | Parhelion,22° right 6:50 a.m. 
22 | Solar halo, 22°.....] 11:42 a.m. 
31 30 | 96 28 2 | Solar halo, 22°.....| 1:45 p. 
23 | Solar halo, 22°..... 2:35 p. 
24 | Solar halo, 22°.....| 2:35 p. 
31 47/84 14 3 | Solar halo, 22°..... 
6 | Solar halo, 22°..... 
6 | Lunar halo, 22°....| D.N. 
| Tunar halo, 22°.... D.N. 
9 | Solar halo, 22°....- 4:45 p.m 
9 | Tanar halo, 22°.... D: Ni, 
10 | Parhelion, 22°, left.| 6:45 a. 
10 | Solar halo, ee 10:50 a. 
11 | Solar halo, 22°.....| | 2:12 p. 
12 | Lunar halo, 22°....! 9:50 p 
15 | Solar halo, 22° | 4:35 p 
16 | Solar halo, 22°.....] 3:15 p 
24 | Parhelion,22° right 6:48 a 
24 | Solar halo, 22°.....| 12:30 p 
25 | Solar halo, 22°..... 10:00 a 
95 Parhelion, 22°, left. 6:15 a 
25 | Upper tangené arc. | 7:05 a 
26 Solar halo, 22°.....| 9:35 a 
27 Solar halo, 22 10:15 a 
27 Solar halo, 46° 1:05 p 
29 Solar halo, 22° 5:15 p.m 2:30 p.m. 
30 | Solar halo, : 1:50 p.m. | 7:05 p.m 
43 05 89 23 Parhelion ight 
2° Solar halo, 22°.....| 
5 | Solar halo, 22°..... . | 11:20a.m. 
5  Uppertangent arc.| 10:50 a.m. | 11:20 a.m. |...........- 
5 Lowertangent are.; 10:50 a.m. 
6 Solar halo, 22°.....| 9:30 a.m. 
8 | Solar halo, 22°..... | 11:55 a.m. 
8 | Solar halo 3:25 p.m. 
8 | Parhelion 3:25 p.m. 
8 | Parhelion, 3:25 p.m. 
8 | Upper tangent 3:25 p.m. 
8 | Lunar halo, 22°.. 7:30 p.m. 
17 Solar halo, 22°.....; 5:15 p.m. 
17 | Parhelion,22°,right| 5:20 p.m. 
18 | Solar halo, 22°.....! 10:00a.m. 
18 | Parhelion,22°,right, 5:35 p.m. 
18 | Parhelion, 22°,left.| 5:40 p.m. 
19 | Solar halo, 22°..... 6:55 a.m. 
20 | Solar halo, 22°.....| 8:45a.m. 
20 | Parhelion,22° right) 10:30 a.m. 
| 20 | Parhelic circle..... 10:30 a.m. 
21 | Solar halo, 22°.....| 7:35a.m. 
21 | Solar halo, 22°..... 2:00 p.m. 
21 | Parhelion,22° right) 7:35a.m. 
21 | Parhelion, 22°, left. 735 a.m. 
21 | Parhelic circle.....| 7:35 @.m. 
22 | Solar halo, 22°..... 4:15 p.m. 
22 | Parhelion,22°,right) 4:45 p.m. |, 
22 | Parhelion, 22°. left.) 4:45 p.m. : 
26 | Solar halo, 22°..... 5:15 p.m. | 5:35 p.m. 
26 | Parhelion,22°,right) 5:15p.m.) 5: -m. 
29 | Solar halo, 22°..... 11:05a.m. | 3: -m. 
36 10 86 47 3 | Solar halo, 22°..... 2:30 p.m.) 2:50p.m.| 2:45 p.m. 
| 9 | Solar halo, 22°..... | 10:15a.m. | 10:30a.m. | 10:15 a.m. 
| 12 | Parhelion,22°,right; 5:50p.m.| 5:52p.m.| 5:50 p.m. 
12! Parhelion, 22°, left.! 5:40p.m.! 5:55p.m.! 5:50 p.m. 


* Aerological station. 


Theodolite readings. 


Radius Radius | Length 
inside. outside.) of arc. | 
| 


from 
sun or 
moon. 
} 


| of sun 
or 
moon, 


| Distance | Altitude 
| 


22 
22 290 25 


tude. 
| 
| 
m | | | 
22 23 | 45.5 
22 
22 | 360).......... 50 
22 | 2.5 33.5 
39 
| 
j | 
~ — 
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Halo phenomena observed during April, 1919—Continued. 


Station. 


Nashville, 


Tenn. (continued) 


Tatoosh Island, 


Alti- | Lati- | Longi- 
tude. | tude. | tude. 
m ° , 
225 | 40 53/| 86 29 
26 | 48 23 |124 44 

| 
232 | 42 58 

| 


Date. 


Wd 


| 


| 
Time of— Theodolite readings. 
Form observed. | Distance Altitude 
adius| Radius rom 
| Beginning.| Ending. Time. | inside. |outside.| of are. sun or 
| 
Solar halo, 22°... | 11:40 a. m 12:00 m. 
Solar halo, 22°..... 5:20 p.m.| 5:45 p.m. 
Parhelion,22°,right, 5:20p.m.| 5:45 p.m. 
Solar halo, 22°.....) 7:00a.m. | 11:00a.m. 
Solar halo, 22°..... 7:10a.m.| 7:30a.m. 
Parhelion,22°,right! 7:05a.m.| 7:40a.m. 
Parhelion, 22°, left.| 7:05a.m.| 7:40a.m. 
Solar halo, 22° 10:25a.m.| 5:30 p.m. 
Solar halo, 22° 708a.m.| 1:30 p.m. 
Solar halo, 22° -m.| 7:50a.m. 
Solar halo, 22° - -m.| 5:30 p.m. 
Solar halo, 22° 730a.m. | 10:30a.m. 
Solar halo, 22° 15 p.m.| 5:10 p.m. 
Solar halo, 22°.. - -m.| 3:10 p.m. 
Solar halo, 22° | 11:15 a.m. 
Solar halo, 22°.....| 9:55a.m. | 11:30a.m. 
Parhelion,22°,right} 9:55a.m. | 11:30a.m. | 
Parhelion, 22°, left.| 9:55a.m. | 11:30a.m. | 
Upper tangent arc.| 10:00a.m. | 10:20a.m. | 
Parhelic circle..... 10:15 a.m. | 10:20 a.m. 
Solar halo, 22°.....| 11:50a.m. | 6:05 p.m. | 
Parhelion,22°,right| 12:45 p.m.| 4:47 p.m. | 
Parbelion, 22°, left.| 12:50p.m.| 4:47 p.m. | 
Upper tangent arc.| 12:45 p.m.| 4:47 p.m.) 
Lower tangentare} 12:06 p.m.| 3:11 p.m. | 
Solar halo, 46°.....| 12:45 p.m.| 2:22 p.m. 
Solar halo, 46°..... 4:12p.m.| 4:15 p.m. 
Parhelion,46°,right} 3:35 p.m.| 3:43 p.m. | 
| Parhelion, 46°,left.| 3:42p.m.| 3:43 p.m. | 
Circumzenithalare| 4:12p,m.| 4:15 p.m. 
Parhelic cirele.....| 12:48 p.m.| 2:22 p.m. 
120°,| 12:55 p.m.| 2:54 p.m. | 
right. 
120°,| 1:08 p.m.| 2:36 p.m. | 
eft. 
Solar halo, 22°... .. 8:36a.m. 9:40a.m. | 
Solar halo, 22°..... 8:l4a.m.| 9:10a.m. 
Solar halo, 22°..... 1:54 p.m.| 2:00 p.m. 
Uppertangentare.| 1:55 p.m.}| 1:57 p.m. | 
Solar halo, 22°..... 7:05a.m.| 6:35 p.m. 
Parhelion,22°,right} 6:12p.m.| 6:17 p.m. | 
Parhelion, 22°, left.) 3:02p.m.} 3:10 p.m. 
tangentarc.} 3:02p.m.| 3:08 p.m. | 
Solar halo, 22°..... 4:29 p.m.| 5:38 p.m.) 
Parhelion,22°,right| 4:49p.m.| 5:38 p.m.) 
Parhelion,22° right; 6:25a.m.| 6:58 a.m. | 
Parhelion, 22°, left.) 6:26a.m.}| 6:30a.m. | 
Solar halo, 22°.....} 12:08 p.m. | 12:15 p.m. 
Solar halo, 22°..... 10:48 a.m. 1:40 p.m. 
Parhelion,22° right) -7:59a.m.| 8:10a.m. 
Parhelion, 22°, left.) 7:59a.m.| 8:10a.m. | 
Parhelion, 22°, left.| 6:10p.m.| 6:35 p.m. 
Solar halo, 22°..... 6:03a.m.| 8:30a.m. 
Parhelion,22° right} 6:45a.m.| 8:30a.m. | 
Parhelion, 22°, left.| 6:45a.m.| 8:30a.m. 
Light pillar. ...... 4:40a.m.j| 4:54a.m. 
Parhelion,22° right} 6:24a.m.| 6:32a.m. | 
Solar halo, 22°..... 11:10a.m.| 7:07 p.m. | 
Solar halo, 22°..... D.N.a... | 4:38 a.m. 
Light pillar.......| 4:38a.m.| 4:45a.m. 
Solar halo, 22°....| 6:50a.m, | 11:15a.m. 
Parhelion,22°,right) 11:08 aim. | 11:15a,m. 
Parhelion, 22°, left.) 10:22 a.m, | 11:15a.m. 
Upper tangentarce.} 9:35a.m. | 1i:15 a.m. 
Parhelic cirele..... 9:57 a.m. | 11:15a.m. 
Solar halo, 22°..... | 4:45p.m.| 6:40 p.m. 
Parhelion,22° right) 6:10p.m.| 6:20 p.m. | 
Solar halo, 22°..... 7:55a.m.| 7:57a.m. 
Solar halo, 22°..... 1:06 p.m.| 2:00 p.m. | 
Lunar halo, 22°...; 4:03a.m.| 4:20a.m. | 
Solar halo, 22°..... 7:24a.m.| 8:55a.m. | 
Solar halo, 22°..... 11:43a.m.| 6:20 p.m. 
Parhelion,22° right 2:06 p.m.j| 3:05 p.m. 
Parhelion, 22°, left.! 2:21 p.m.| 3:05 p.m. 
Cireumscribed halo 11:49am. | 3:05 p.m. 
Solar halo, 46°... .. 1:40 p.m.| 1:50 p.m. 
Solar halo, 22°... .. 4:41 p.m.} 4:58 p.m. 
Parhelion,22°,right, 4:41 p.m.| 4:44 p.m. 
Solar halo, 22°...... 2:40p.m.| 7:00 p.m. 
Parhelion,22°,right 2:40 p.m.| 5:57 p.m. 
| Parhelion,22°,left.| 4:20p.m.| 5:00 p.m. 
| Uppertangentare.| 4:50p.m.' 5:50 p.m. 
Solar halo, 22°..... 6:20a.m.| 3:50 p.m. 
Parhelion,22° right 6:20a.m.| 6:39 a.m. 
Solar halo, 22°... .. | 1:30p.m.| 4:50 p.m. 
right. | 
Solar halo, 22°... .. | 9:50a.m. | 11:10a,m. | 10:00 a.m. |........ 
Parhelion,22°,right| 9:50a.m. | 10:15a.m. | 10:00 a.m. 23.5 |... 
Solar halo, 22°... .. | 9:30am. | 11:00a.m.| 9:30a.m, |........ 100 |.......... 
Solar halo, 22°..... | 1:53p.m.| 5:40p.m.} 2:00 p.m. |........ 


* Aerological station. 


| | | | a. 
Pas 
24 
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| 27 
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| | re 
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| 
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g 
| | 
| 
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| 10 
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| ll 
} 12 he 
| 13 
| 14 
4 | 14 til 
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15 
15 
| 15 
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17 
| 18 
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Halo phenomena observed during April, 1919—Continued. 


Broken Arrow, Okla* 


Cincinnati, Ohio 


Drexel, Nebr.*............------ 


* Aerological station. 


Colors.t 


Station. 
rec- | pressure. 


ion. 


Aprix, 1919 


Precipitation. 


ae 


~ 


oe 


2 


MO 


. 


ms 


= 


Brilliant ....|........-- 


| Stationary. . 
Stationary. 
| Rising...... 


Stationary. - 
\Rising 


| Rising. 


= 


i}s tationary. 


Falling...... 
|>Falling...... 


Falling... 


Falling 


: Falling 
Rising...... 


Station: 
Stationary. . 


| Stationary 
| Stationary. - 


Falling...... 


Falling.....- 
Falling...... 


Rising. 


+ Beginning with part nearest sun or moon. R, red’ O, orange, etc. 


9:45 a. m., 3d....| D.N. 
7:15 a. 9th...| 5:55 lath, 
6:15 p. m., , D. 


6:15 p. m., 14th..| D. N.,a 
6:15 p. m., Ith..| D.N., a., 25th, 


6:15 p. m., 14th..| D. N., a., 25th 
7:30 p.m. oxth.. 
D.N.,a., 4th... 


Stationary. 
Falling...... 


| Rising.....-| 5: 
| Stationary. .| 
| Stationary. .| 
| Stationary. 
| Falling...... | 

| Falling...... 
6:30 p. asth.. 9:05 p.m,, 29th. 
6:08 p. m., 2d....| 6:40 p. m., 6th, 


Rising... ... 


27th . 


<p 
2:00 p. m., 7th... 


7th...) 2:45 p.m., 10th. 
2:00 p.m., 7th...| 2:45 p.m., 10th. 
2:00 p.m., 7th...) 2:45 p.m., 10th, 


D.N.,a.,11th...! 9:33 p.m., 15th. 
., 11th. .| 9:33 p.m., 15th. 


Stationary.. 2 


Stationary. .| 
8: 


4Stationary. .| 


Stationary. 8: 
Stationary. .| 8: 


Falling...... 
Falling...... | $:10a.m,, 26th... 
Stationary. .| 


6:40p.m., 5th... D.N.,a., 7th. 
| D.N.,p., 9th. 


Last First subse- 


quent began. 


5 
= 


., 8th. 


8:20 a. m., 8th... 1:55 a, = ” 10th. 
8th...| 1:55 a, m., 10th. 
3:32 p. m., 10th... D. N., p., 13th, 
7:35 p. m., 17th..| 4:30 p. m., 20th 


4:45 p. m., 23d...| 5:47 p. m., 27th. 


., 28th.. 


5: m., 4th...) 4:12 a. m., 9th. 
55 p. m. ’ 4th. ..| 4:12 a. m., 9th, 
255 m. 4th. ..| 4:12 a. m., 9th. 


"10th..| D. N.,a., Mth, 
17 th..| 3:06 p. m., 20th 
th..| 3:06 p.m., 20th. 
..| 5:28 p. m,, 27th. 


8:35 p. m., 2d....| 10:05 a. m,, 6th. 
., Sth...| 10:40 a. m,, 14th. 


, 15th..| 7:05 a, m., 19th. 


,19th..| D. N.,a., 21st. 


,2lst...| 8:50 p. m., 22d. 
30th .| 3:35 p.m.,, 2d. 


15th... Dd. N.,a., 26th. 
,15th...| D. N.,a., 26th. 


10:38 a.m., 4th. 
Noon, 7th. 


Noon, 7th. 
2:45 p.m., 10th. 
2:45 p.m., 10th. 


9:33 p.m., 15th. 


., 16th. .| 7:10 a.m., 26th. 

., 16th. .| 7:10 a.m., 26th. 

10:38a.m.,16th..| 7:10 a.m., 26th. 
| 


., 16th.| 7:10 a.m., 26th. 


., 26th...| 
., 26th... 


50 p.m., 29th. 
50 p.m., 29th. 
p.m., 29th. 


:50 p. m., 29th. 


o 


6:34 p.m., 29th...| 12:20 p.m., 30th. 


., 31st. 2:58 p.m., 2d, 
6:38a.m., 31st...} 2:58 p.m., 2d. 


9:00 a.m., 5th...! 5:10 p.m., 5th. 


250 

Clouds. 

Station. ate| rightness. | 

| | 

7 | Ci. St. | w. 
8 | Bright...) 7 | CLSt. | nw. 
3 | Ci-Cu. | wnw. 
| 8 | Ci. St. | wnw. 
23 | R.O. Y.......| Bright......| 3/Ci.St. ww 
Few.....| Ci. St.) w. | 
3 | Ci. St. | w. 

5 | Ci. St. | sw. 

.8t. | w. 

13 | R..........---| Brilliant..... 4 

i.St. | nw. 

27 | R.0. Y.G.B.| Dim........ iba 

29 | R.O.¥.G.B..| Brilliant... 

8 | Ci.St. | w. 
8! Ci.St. | w. 
18 | R. 4 | Ci. St. | nw. 
ap 19| R.........----| Dim........| 5 | Ci.St. | nw. 

| 27) Bright. 8 | Ci.St. | nw. 

9 Ci. St. nw. 

Bright. .....| 10 | Ci. St. | sw 

ry 4 BL 6 | Ci.St. ws 

V. W. 2| A.Cu. | ws | 
| 6] O.Y.G.B.I. | 
= V.W. | | 

| Ci. St. | sw. 

| 1] 0,G.B.......] Dim.......-{ 

| Ci. St. | sw. 

| 15| R.0.G.B.....| Bright......| 5:35 a, 

> | Ci. St. | w. 

Bright......{ | St.Cu.| sw. \ .....7:47a.m 

| Ci.§8 9.49 

24 | R.O.Y.G.....! Bright......|{ St. Cu. 7:47 a.m 

6| R.0.Y.......| Bright...... ie | | Falling......| 10:40 

A. fu. | sw. 

| C1 

R.............| Dim........| Ww. 

10| R. Y.........-| Bright...... 

w. 

16 | R.O.Y.G.....| Bright......{ 

nw. 

| R.Y.G.......| Bright......{ | a°Gu. | 10.a.m 

10 | | nw. 10 a.m 

3) A.St. | w. 

R.Y.G....... Bright.......|{ 1} A.Cu.| sw. f 

7 | Ci. St. | w. \ 

pow, | A.Ca. | w. 

| 4| Ci. St. | w. 

1 | Ci. Cu. | w. 

ig ew. | Ci. St. | w. 

5| R..........---| Brilliant ---- | A.St. | sw. } 

7 | Ci. St. | w. | 

= 8| R.B..........| Brilliant... 7 | 
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Halo phenomena observed during April, 1919—Continued. 
Clouds. | Precipitation. 
De: of Station. 
brightness Amount.| Kind Direo-| pressure. | Last previous | First subse- 
x tion. | ended quent began, 
Madison, ( ) Bright. 8 Ci. St. Ww. | ising: ----| D.N.,p.,7th....| D.N.,a., 9th. 
Bright...... | }Rising......| D.N.,a.,17th....| 8:40p.m., 19th. 
t 
Brilliant. . 10 | Ci.St.| w. | Falling...... 8:40p.m., 19th. 
Bright 10 | Ci. St. | sw. Falling...... D.N.,a.,17th....| 8:40 p.m., 19th. 
Bright ...... 3| Ci.St.| w. | Rising......| D. §:45 a.m. 
ai Bright ...... 7 | Ci.8t. | w. Falling...... D.N.,a., 20th....| 5:45 a.m., 23d. 
Bright...... 2) Stationary. .| D.N.,a.,20th....| 5:45 a.m., 23d. 
2 Ci. w. 
Bright...... 5 | Ci. St. | w. Falling...... 8:15a.m., 24th...) 5:40a.m., 27th. 
Bright...... D.N.,p.,27th...| 6:20 a.m.,30th. 
8 | Ci. St. sw. | Falling...... 8:15 a.m.,7th....| 3:30p.m., 9th. 
Dim........ Few. | Gi.St. |W. Rising. .....| 12:20 p.m.,10th.| 9:00p.m., 12th. 
Few. | Ci. St. | w. 
12 | R.Y.G....... Bright. ..... 4\A. St. } 
24 | R.O.Y.G..... Bright...... See | Rising D.N.,p.,23d....| 8:00 a.m., 25th, 
Bright ...... 10 | Ci.St.| w. | Stationary..| 10:30a.m.,25th..) 1:45p.m., 27th. 
.... Ci.St. | nw. | Falling...... D.N.,a.,30th....! 12:03 a.m.,3d.. 
10 | Ci.St. | w. | Falling...--- 4:30 11:40 p.m.,7th. 
| | sw. D.N.,a., 8th. .*.| 4:15 a.m. oth. 
| Dims 4 nw. | Rising 4:06 10:20 a.m., 20th. 
Dim........ 8 | Ci.St. | nw. | Falling...... 4:00 p.m., 17th. 10:20 a.m. 20th. 
B. 0. G. 5 | Ci. St. | w. | Stationary. .| 11:05 a. m. D.N., p., 29th. 
1| R.O.Y.G.B.V. Brilliant 6 | Ci. St. | w. Falling...... D. N., P., 3¢th..| 11:50 a. m., 3d 
8 | Ci. St.| w. 
| Ww. 
8| A.St.|w. | Rising. ..... D.N., P., 30th. .| 11:50 a. m., 3d. 
Dim........ D.N., P., 30th..| 11:50. m., 3d. 
Dim. ....... { | 5:10. m., Sth...) 1:42. m., 5th, 
61 9 A. St 1:51 p. m., 5th...| D. N., 7th. 
1 | Ci. St. | nw. 
Wo Dim........ 4) Ci. St.| nw. Npising. 1:51 p. m., 3th...| D. N.,a., 7th 
Brilliant... 21 | Fallmg...<.. 5:20a.m., 7th...| D. N.,a., 9th. 
Dim........ ie ‘Rising 12:05 p. m., 10th.| 4:20 p. m., 10th 
Rising | 10:48 a. m., 11th | 4:15 p. m., Lith. 
1|Ci.st.|/s. | 
Dim........ { Few. | Cu. Ww. } D.N.,a., Uth...| 10:28 a. m., 11th. 
12 | R.O.Y.G.B.V. Bright......{ 11:45 a. m., 12th.| D.N., a., 14th. 
3|A.St.]s. | Rising.. 11:45 a. m., 12th.| D. N., a., 14th. 


* Aerolégical station. 


+ Beginning with part nearest sun or moon. 


R, red; O, orange, sah 


é 
fe! 
{ | 
| 
| 
| 
| 
| 
| 
tie 
4 
ihe 
& 
{ 
4 
x 
+ 
u 
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Station. 


Tatoosh Island, Wash. 


York, N. Y 


(continued)......... 


MONTHLY WEATHER REVIEW. 


Halo phenomena observed during April, 1919—Continued. 


Date., Colors.¢ 
13 | R.O.Y.G.B.V. 
15 | R.O.Y.G.V..| 
15 | R.O.Y.G.V..| 
| 
is | W 


19 | R.O.Y.G.B.V. 


2.18.90. 
& 


29 | R.O.Y.G.V..| 
29 | R.O.Y.G.B.V. 


29 | R.O.Y.G.B.V. 


+ Beginning with part nearest sun or moon. 


R, red; O, orange, etc. 


Clouds. 
Degree of |——— Station. 
brightness. a pressure. 
Amount. Kind. 
4/ Ci.St. | s. 
Bright....... { \ 
Dim........ | \Rising 
| Few. | A.St. | w 
OW. 
Briltiant.... Ast. Falling...... 
2 | Ci, St. | w. 
| 7 | A. Bt. w. 
we 8 | i. St. We 
Bright. ..... 1| A.8t. | w. \ 
Brilliant... 
8 | Ci. St. | w. 
Bright. ....- | 1| A.8t. | w. \ 
Ci.Ss. | s. 
4\ Ci.Cu. s. alling..... 
2! Ci.St. | s. 

Bright ...... { 3 | 
9! St. s. Falling...... 

|pBlsing.. 
Brilliant. . 4 \Rising. 
Dim........ 1|/Cu. 
| 
| Few. | Ci. St. | sw 
Brgnt...... 6 | St. Rising 
Bright......\{ | Ca. alling..... 
6 | Ci. St. | nw 
Dim......-- | 1 nw 
| 5 i.St. nw 
Dim......-- Cu. Ww \ 
A.St. | now Stationar 
2 | Ci. Falling 
4| A.St. | w 
Brignt...... { alling..... 
| 1 | Ci.St. | w ‘alling 
Brilliant. "| Few. | Cu. Falling... 
6 | Ci. St. | w. 
+3 | Ci.St. w 
Dim.......- | Few. | Cu. \ 
| § | CLSt. | w ) 
Dim......-. { Pew.| Cua. (|..... 
Bright...... 
Few A.St.  w | Falling 
Bright...... { 7|CiSt. | w ht alling 
: 6 | Ci.St.. w 
4| Ci.St. | w 
5 | A.8t. | w Falling..... 
Brilliant... .. 2} ci. Stationary 
1 | Ci.St. | w Stationary . 
§ | Ci nw Falling... 
Brilliant... 10 | Ci.St. w Falling... 


Precip: 


Aprin, 1919 


itation. 


Last previous 
ended. 


D. 
D.N.a., 14th... 


7:50 a. m., lth. 


12:25 p. m., 14th.. 


6:55 a.m., 17th... 
12:55 p.m., 17th... 


D.N.,a., 18th....| 


D.N.,a@., 18th.... 


10:28 a. m., 18th. 


5:50a.m., 25th... 


D.N., P.,28th.. 


D.N., P., 28th 

D.N.,a.,5th..... 
D.N.,8.,5th..... 


5:00 p. m., 13th... 


8:30.a.m., 18th.. 


4:00 p.m., 20th... 
4:00 p.m., 20th... 


First subse- 
quent began. 


6:56 a. m., 14th. 
| 6:56 a.m., 14th. 


4:05 a. m., 16th. 


11:01 a.m., 17th. 


| 4:20p.m., 17th. 
9:15 a. m., 18th. 
| 9:15a.m., 18th. 


1:48 p.m., 18th. 


-| 4:0la.m., 24th, 


4:01a.m., 24th. 
D.N.,a., 27th. 


-| D.N., P., 30th. 


| D.N., P., 30th, 
1:00 a.m., 4th. 


| 3:00 p. m., 6th. 


3:00 p.m., 6th. 


4:00 p.m., 15th. 
1:30 p.m., 20th. 


D.N., P., 23d. 
D.N.,P., 23d. 


12:05 p. m., 


— — 

| | 

| 

| 

| 

| 

| | 
| 

| 

12:25 p.m., 14th...) 4:05a.m., 16th. 

| 

12:25p.m., l4th..) 4:05 a. m., 16th. 

2 — 

| 

2 

1S | R.O.Y.G.B.\ 

3:10 p. m., 19th.-| 6:24 p. m., 19th. 
> 10:55 a.m., 21st. 4:01a.m., 24th 

10:55 a. m., 21St. 

| 

; 

| 
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By Hersert H. Krmpaxt, Professor of Meteorology, in Charge. 


[Dated: Solar Radiation Investigations Section, Washington, May 28, 1919.) 


For a description of instrumental exposures, and an 
account of the methods of obtaining and reducing the 
measurements, the reader is referred to the Revrew for 
January, 1919, 47:4. 

The monthly means and departures from normal in 
Table 1 show that the radiation measurements obtained 
averaged slightly above the normal. On account of the 
unusual amount of cloudiness, however, but few measure- 
ments were made at any of the stations. 

With the return of Assistant Observer E. L. Hardy 
from military service to Santa Fe, radiation measure- 
ments were resumed at that station at the end of the 
month. 

Table 3 shows a normal amount of radiation for April 
at Washington, but deficiencies of 18 and 16 per cent, 
respectively, at Madison and Lincoln. Most of the de- 
ficiency at Lincoln occurred during the third decade. 

An error in computing the Madison normals for the last 
decade of March, 1919, made the deficiency for that 
month appear to be 980 instead of 764 calories and the 
deficiency since the first of the year 2,344 instead of 2,128 
calories. This latter value has been used in determining 
the deficiency up to the end of April. 

Skylight polarization measurements obtained on five 
days at Washington give a mean of 56 per cent, with a 
maximum of 64 per cent on the 19th. These are aver- 
age values for Washington in April. At Madison, meas- 
urements obtained on three days give a mean of 60 per 
cent, with a maximum of 66 per cent on the 26th. 


Tabie 1.--Solar radiation intensities during April, 1919. 
{Giram-calories per minute per square centimeter of normal surface. ] 


Washington, D. C. 


Sun’s zenith distance. 


| 


| | | 
Date 0.0 48.3° 60.0° | 66.5° | 70.7° | 73.6° 


Air mass. 


1.0 | 20 | 25 |} 3.8 1.0 $5 | 5.0 | 5.5 
| | 
A. M | cal cal, cal, cal, cal. | cal. | cal. cal. cal, cal, 
0500 | 0:66 | 0:00 {....... 
19. 1.45 | 1.37] 1.24] 1.12] 1.08} 0.96| 0.89] 0.83] 0.78] 0.73 
0.89 | 0.84) 0.79 | 0.76 | 0.72 
Monthly | | | 
means.....| 1.35 1.20 1.02 0.86 0.77 0.73 | 0.78 (0. (0. 77) |(0. 72) 
Departure | | | 
from 11-year | | | 
normal ....- —0.02 | 40.03 —0.08 —0.09 —0.06 |+0.05 +0.08 +0. 09 +0.05 
PrP. M 
Apr. 19 1.31 1.12| 1.05) 0.97! 0.90! 0.85! 0.79. O71] 0.67 
1.42 1.24 1.13 | 1.05) 0.94) 0.88), 0.81 0.75 | 0.70 
Monthly | 
means... (1.18) 1(1.09) (1.01) (0.92) |(0.86) (0.80) (0.73) |(0. 68) 
Departure 
from 1l- 
year nor- 


$0.10 40.09 +0. 10 | 40.07 40.08 40.14 +0. 13 40.00 
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SOLAR AND SKY RADIATION MEASUREMENTS DURING APRIL, 1919. 


TaBLe 1.--Solar radiation intensities during April, 1919—Continued. 


{[Gram-calories per minute per square centimeter of normal surface.] 
Madison, Wis. 


Sun’s zenith distance. 


4) 
0.0° | 48.3° | 60.0° | 66. 5° 70.7° | 73.6° | 75. 7° 77. 4° | 78.7° | 79. 8° 
Date. — 
Air mass. 
1.0 3.0 3.5 4.0 4.5 5.0 5.5 
A.M cal. cal. | cal. cal cal cal. cal cal cal. | cal 
25 1. 54 1.44 | 1.35 | 1. 26 1.18 1.15 1.06] 0.99; 0.93 |...... 
cand 1.55 | 3.45 | 1.38 | 1.30; 1.22 1.15 1.10 LO} 
Monthly | } 
means. .... (1. 54)| (1.44)) 1.34 | (1.28)| (1. 20)} (1. 15)} (1. 08)} (0. 96)).. 
Departure 
from 9-year 
normal. ...|+0.14 |+0.10 |+0. 11 |+0.14 


| 1.40] 1.24] 1.16 
Monthly | } 
means. ....|...-.-- 1.30 | (1.24) (1. 16)| (1.05)| (0. (0.86)! (0.77) (0.70)|...... 


Departure | 
from 9-year | 
normal. |—0.03 |—0.02 |—-0.04 |—0. 10 |—0.06 |.......)....... 


Lincoln, Nebr. 


| j j | | | | 
A. M. } 
1,53 1.43 1.384| 1.25 | 
Monthly 
means..... (1.53)| 1.33 1.25 | (1, 20)) (1. 12)| (1. 14) 
Departures | 
from 4-year | | | | | 
normal. ...|+0.03 |—0.02 +0. 01 |+0.07 | +0. 09 +0. 20 
| | 
1.34, 121) 114) 1.05] 0.96 | 0.88) 0.80) 0.72 )...... 
| 1.42 | 131} 1.20) 1.10] 1.00)....... 
Monthly | | | j 
| (1.38) (1.26), (1.17); (1..08)} (0. 98)) (0. 88)) (0.80)! (0.72))...... 
Departures | } 
from 4-year } 
+0.06 +0.08 +0.09 |+0.08 |+0.07 +0.02 —0.03 |—0.03 |...... 
| | 


| Alb | 


Santa Fe, N. Mex. 


A. M. | 

| 

P.M. 


Washington, D.C. Madison, Wis. | Lincoln, Nebr. Santa Fe, N. Mex. 
| | | | 
Dates. | Sa.m. 8p.m.| Dates. | 8a.m./8p.m. |) Dates. | Sa.m. 8p.m. || Dates. | 8a.m. 8p.m. 
| 
1919. mm. |mm, | 1919. mm, mm. 1919. mm.|mm. || 1919. | mm. 
Apr. 2 1.88 | 2.87} Apr. 1 | 2.26 | 2.36 |\Apr. 1 | 3.99 | 4.57 ||Apr. 23 | 5.16 | 7.57 
3 | 3.00 | 3.99 22 | 6.76 | 7.29 11 | 4.17 | 5.36 30 | 5.16 | 4.17 
8 | 9.47 | 8.18 25 | 2.16 | 3.00 12 | 5.79 | 5.79 |) 
9 | 8.81] 8.81 26 | 2.26 | 3.45 16 | 4.17 | 3.99 || 
2 | 8.81 | 7.29 | } 17 | 3.99 | 2.74 | 
19 | 4.17 | 4.57 
21 | 6.76 | 3.99 
22 | 4.75 | 5.16 | 
23 | 6.27 | 7.87 | 
24 (11.81 | 3.15 | 
25 | 2. 36 | 2.26 } 
| } 


| 
A 
P.M 
7 
| | 
. 
TABLE 2.--Vapor pressures at pyrheliometric stations on days when solar = 
radiation intensities were measured. 3. 
é H 
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TaBLE 3.—Daily totals and departures of solar and s/:y radiation during 
April, 1919. 


{Gram—calories per square centimeter of horizontal surface.} 


normal. | since first of month. 
Day of month. —— 
| Wash- Madi- | Lin- || Wash-| Madi- Lin- | Wash- | Madi- Lin- 

fineton., son. | coln. ington.| son. coln. ||ington.| son. | coln. 


Daily totals. | Departures from || Excess or deficiency 


| 340 319|} — 35 174; —106)| — 35 17i1— 106 
| 380) 299! 429 — 32 91— 101 
| 510 86) 176 130) —298 —247 207— 348 
167 235, 586) —215) —151 — 117/— 358\— 184 
289 290 462)} — 96) — 98 41} — 213|\— 456— 143 
502 401; 329 115 — 445\— 234 


430 356, 3 108 — 62 
516117) 69 121] —277) —348| 895 — 533 
368} 169) 288!) — 29) —227) —128|—  2-1,122— 661 

| } 
81} 148} 524] —319| —249) 109! — 321 552 
414) 126) 12) —273, — 309/-1,644/— 323 
472) 524] 166 67; 124) —247/| — 570 
273 93} —309)| —287!| — 376/—1,820\— 857 
214| 48, 12s) —196| —356) —2R3|| — 572)—2, 185|—1, 140 
102 85} 492) —311) —322 79)\| — 883'—2, 507 —1, 061 
156 416, 729) —260 6 314), —1, 143 —2,501 — 747 
313; 580} 619)| —106 —16¢ 202|| —1,249|-2,335,— 545 
655 402 354) 233 — 15 — 65) —1,016—2,350— 610 
500; 616] 661), 75, 196] 240) — 941—2,154— 370 

Decade departure.............. — 939'—1,032 291 
623, 607] «181 194] —242/| — 747\-1,970|— 612 
592 463 548) 160 3H) — 489 
589-403 109 154} — 27) — — 507 
_ 480 448) 321 42 —108 — 391—1,946— 615 
| 565, 6941 5 124 58| — 267,—-1,688\— 482 
| 468 681) 143 243) —292)| — 243\—1,445— 774 
| 694 87 13s 246, —353) —301 3 —1, 798 —1,075 
278 384 113) —173| — 50] —330]| — 170.—1,857/—1, 405 
86-380 64! 132) — 65) —383) — 38 —1,922 —1, 788 
| 468 11} —352} —238]| — 27/—2,274/—2,026 
since first of year.fper cent............. — 1.6—12.9— 8.6 


| i 


MEASUREMENTS OF THE SOLAR CONSTANT OF RADIATION 
AT CALAMA, CHILE. 


By Dr. C. G. Aspor. 


Dated: Astrophysical Observatory, Smithsonian Institution, Washington, May 28, 
1919.] 

In continuation of the publication begun in February, 

I communicate the following results of the measure- 

ments of the solar constant of radiation which were made 


Aprii, 1919 


by the Smithsonian observers, Messrs, A. F. Moore and 
L. H. Abbot, at Calama, Chile, in the month of March, 
1919. 

The arrangement of the observations in the table is 
the same as that employed in the preceding communica- 
tions, and is fully explained in the Monruty WEATHER 
Review for February, 1919. 


TABLE 1.— Measurements of the solar constant of radiation at Calama, 


Chile. 
| | | Trans- | Humidity air mass 3. 
| mission 
Date. | Grade. ential Remarks. 
| 0.5 mi-| p/pse V. P. 
crons. 
A.M. | cal. em. % | 
Mar. 1| 1.952 VG— 0.771 | 0.253 , 0.75 60 | Considerable cirri in north 
and east. 
P. M. 
Mar. 1.949 | VG -848 1 .367) ..58 29 | Considerable cirri and cu- 
} muli in east, with line of 
| small cirrocumuli low in 
| west. 
5] 2.015 | G— -840 | .400, .48 21 | Considerable cirri in east, 
| north, south and low in 
} west. 
6/ 1.931 | E— .856 | .473 | .36 16} Cumuli low in east and 
| cirriin south and west. 
A.M. 
Mar. 9! 1.938] G -828 | .360] .24 22 | Cirri spread over most of 
sky. 
10, 1.916 | VG S44 414) .29] 26 | Some cirri around horizon 
in north and east with 
} large patch just below 
sun. 
P.M. 
Mar. 13 1.981 | P+ | .397 .44 | 22 | Considerable cirri in east. 
More coming in north- 
| west, 
A.M, | 
Mar. 17 1.905 | VG— . 837 352 | .53 49 
18 | 1.949] VG | 457 | .35 35 
19 1.984 | VG+ $55 406 | .37 35 
25 | 1.942) VG 849.368 .37 31 | Cirri seattered over large 
} part of east and west. 
26 1.9388 | E— | .868! .508! .29 23 | Cloudless except distant 
cirri in northeast. 
1.955|VG+ | .500! .31 29 | Considerable cirri in west. 
30 1.942 | VG+ 843 335 46 46 | Considerable cirrocumuli in 
| west and south. Small 
1 patches also in east 
31 | 1.913 | VG+ S44 325 52 50 


} 
4 
cal cal cal. cal. cal, cal 
6. 
23 
re 
ay 
4 > 
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. 
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THE WEATHER OF THE MONTH. 
WEATHER OF NORTH AMERICA AND ADJACENT OCEANS. 


GENERAL CONDITIONS. 
A. J, Henry, Meteorologist. 


The distribution of mean pressure in the Northern 
Hemisphere for April indicates the beginning of the dis- 
solution of the great continental highs and the building 
of highs over oceanic areas. The Iceland Low of the 
North Atlantic and the Aleutian tow of the North 
Pacific, respectively, are still in evidence, although the 
former now extends southwestward almost to the 
Canadian Maritime Provinces, so far, indeed, that the 
winds of northeastern United States come within its 
control. The winds of the Atlantic north of about 
latitude 35° are also controlled by the Iceland Low. 
Elsewhere over the North American Continent the 
winds are variable. 

April, 1919, was a month without decided variations 
from the normal in any part of the area under considera- 
tion. Such variations as did occur were as a rule in the 
opposite sense with the result that the month con- 
sidered, as a whole, was devoid of conspicuous departures. 


NORTH PACIFIC OCEAN. 
By F. G. 


April was a quiet month on the North Pacific Ocean, 
devoid of any unusual meteorological features. Occa- 
sional gales have been reported, but with only one or 
two exceptions these were of moderate foree. The 
Dutch steamship Nias encountered stormy weather 
about the 21st in latitude 40° N., longitude 160-165° E. 
The wind attained a force of 10 from the northwest. 
Considerable fog was experienced south of the Aleutians 
during the second decade. 


NORTH AMERICA. 
By A. J. Henry. 


The month was less stormy than usual, and the varia- 
tions in temperature and precipitation were for the most 
part such as might be expected during a transition 
month. Rainfall in the United States east of the 


Rocky Mountains was fairly abundant, and there were’ 


no destructive periods of low temperature, although low 
temperature with killing frost occurred during the third 
decade of the month in northeastern districts. 


NORTH ATLANTIC OCEAN. 
By F. A. Youna. 


The atmospheric conditions for April, 1919, did not 
differ materially from those of the previous month, with 
the average pressure over practically the entire ocean 
apparently slightly above the normal, although not 
enough vessel reports were received in time to determine 
these facts accurately. 

The number of days on which gales were reported 
were, as a rule, also less than usual, as only in two 
— squares were they recorded on more than two 

ays. 


MONTHLY WEATHER REVIEW. 


From the Ist to the 3d there was a slight disturbance 
off the American coast, while the Azores HIGH was 
fairly well developed, and light to moderate winds were 
the rule over practically the entire ocean. On the 4th 
the Low began to fill in, the HIGH remaining nearly 
stationary in intensity and position; the conditions of 
the wind and weather had changed but little, except 
that two vessels between the 35th and 45th parallels and 
the 40th and 45th meridians reported moderate gales 
accompanied by rain. From the 5th to the 8th the 
circulation of the air was comparatively sluggish, with 
light to moderate winds and fog off the banks of New- 
foundland on the 7th and 8th. On the 9th there was 
a well developed Low over the western part of the 
steamer lanes, and moderate gales were encountered 
over the ocean between the 35th and 45th parallels and 
the 35th and 48th meridians. This Low moved east- 
ward with a fair rate of speed, increasing in intensity, 
as on the 10th one vessel near latitude 48°, ionpibude 
ee encountered a southerly gale of over 50 miles an 
1our. 

On the 11th and 12th the pressure was uniformly high 
over the entire ocean, with no heavy winds, except that 
on the former date one vessel a short distance north of 
the Azores experienced a moderate westerly gale. On 
the 13th there was a disturbance about 10° west of the 
Irish coast, and westerly to northerly winds of gale 
force prevailed over the southwesterly quadrants. On 
the 14th this area of low pressure surrounded the British 
Isles, the center being near Malin Head, Ireland, where 
the barometer reading was 28.70 inches. The storm 
area extended as far west as the 30th meridian, with 
strong westerly gales accompanied by “hail” in the 
southerly quadrants. 

The observer on board the American steamship 
Ampecto stated in the storm log: “Gale began on the 
14th. Lowest barometer, 29.33 inches at 3 a. m. on 
the 14th; latitude 49° 57’ N., longitude 13° 57’ W. End 
of gale on the 26th. Highest force of wind, 65 miles an 
hour. Shift of wind near time of lowest barometer, NW. 
to N.” 

This tow drifted slowly eastward, and on the 15th 
was central near the east coast of England ; moderate 
to strong northwesterly gales swept the British Isles, 
although they did not extend as far west as on the 
revious day. 

On the 16th the center of this disturbance was evi- 
dently somewhere in central Europe, and a few reports 
were received showing that moderate westerly gales 
prevailed off the French coast. On the 17th a fairly 
well-developed Low was central near latitude 43°, longi- 
tude 40°, and moderate southerly gales were reported in 
the region between the center and the 45th meridian. 

From the 18th to the 24th, high pressure and light to 
moderate winds were the rule, while fog prevailed off the 
Banks of Newfoundland during the greater part of this 
period. On the 25th and 26th a disturbance was central 
in the Province of Quebec, and moderate westerly and 
northwesterly gales were reported on both dates between 
the 35th and 43d parallels, and the 60th meridian and 
the American coast. On the 27th and 28th heavy 
northerly winds were encountered off the European coast. 
The observer on board the British steamship Northland 
stated: ‘‘Gale began on the 27th. Lowest barometer, 
29.85 inches, nearly all day on the 28th, when the vessel 
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was in the Irish Channel. End of gale, p. m. of 28th. 
Highest force of wind, 55 miles an hour. Shift of wind 
on 28th, W. to WNW. It was in this gale that three 
American mine sweepers and one naval tug were wrecked 
near the coast of France with considerable loss of life.’’ 
(See account of snowstorm in British Isles, below.) 
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On the 29th the Dutch steamship Maasdijk reported 
a southeasterly gale of over 50 miles an hour near 
latitude 37°, longitude 48°, although a number of other 
vessels not far from that locality encountered winds of 
only moderate force. 


NOTES ON WEATHER IN OTHER PARTS OF THE WORLD. 


BRITISH ISLES. 


April was the fourth month in succession with the 
mean temperature over the country generally appreciably 
below normal. The distribution of rainfall was irregular. 
The general rainfall expressed as a percentage of the 
normal was: England and Wales, 124; Scotland, 138; 
Treland, 72.—-Symons’s Meteorological Magazine, May, 
1919, p. 45. 

A snowstorm of unusual severity for so-late in the 
season occurred generally over the British Isles on Sun- 
day, April 27, and in the southeast of England the storm 
was particularly severe. On the morning of Sunday a 
subsidiary disturbance was developing over the northern 
portion of the kingdom, and it afterwards moved south- 
ward and eastward, over England, the parent disturbance 
being centered over Denmark. By the evening the 
subsidiary had assumed more serious proportions than 
the primary to the northeastward, and was now centered 
over London and the southeast of England. Snow or 


hail fell in all districts of the United Kingdom. A 
region of high baro neter extended from Iceland to the 
Azores which caused strong northerly winds in the rear of 
the disturbance, and gale force was reached in all dis- 
tricts, while at Holyhead the wind force attained the 
velocity of 70 miles per hour during Sunday night. In 
London snow commenced at about 1 p.m. after somewhat 
heavy rain, and it thoroughly covered the ground by 3 
p.m. The depth of snow by the early morning of April 
28 in the north of London was 12 to 15 inches and the 
total precipitation in the 24 hours was 1.6 inches at Cam- 
den Square and 1.7 inches at Hampstead. The snowfall 
occasioned much dislocation of the telegraph and tele- 
yhone services, and the rapid melting of the snow caused 
Hoods in many parts. Temperature on April 27 was 
abnormally low for so late in the season, the ae 
in London during the afternoon standing at about 
freezing point. Agriculturists and fruit-growers have 
suffered somewhat badly. Nature (London), May 1, 1919, 


DETAILS OF THE WEATHER IN THE UNITED STATES, APRIL, 1919. 
CYCLONES AND ANTICYCLONES. 


By A. J. Henry, Meteorologist. 


Cyclones.—Six principal, and the same number of 
secondary, cyclones have been plotted on Chart ITI. 
None of these was severe in character and the movement 
was in no wise exceptional. A majority of the secon- 
daries developed over the southern plateau and Rocky 
Mountain region and their movement to the north- 


eastward over the great interior valleys was attended by 
abundant precipitation. 

Anticyclones. Nine anticyclones, the majority of 
which first appeared over Saskatchewan, have been 
plotted on Chart [1. The general direction of movement 
was toward the southeast. 


THE WEATHER ELEMENTS. 


P. C. Day, Climatologist and Chief of Division 


[Dated: Weather Bureau, Washington, June 2, 1919.] 


PRESSURE AND WINDS. 


The distribution of the mean atmospheric pressure 
over the United States and Canada, sed the prevailing 
direction of the winds for April, 1919, are graphically 
shown on Chart VII, while the means at the several 
stations, with the departures from the normal, are shown 
in Tables I and U1. 

Pressure was decidedly low over the central valleys 
during the latter part of the first decade, and moderately 
low about the middle of the second decade over most 
central and eastern districts where rains were widespread 
and heavy. During the early part of the third decade 
pressure was unusually bah over the Dakotas. and 
thence southeastward to the lake region, but otherwise 
the variations were small, this being particularly true 
in the district west of the Rocky Mountains. 

The average pressure for the month was above normal 
in practically all portions of the United States, except in 
the far Southwest, where it was slightly below. In 
Canada, the region of the Great Lakes and portions of 
the far western Provinces had monthly averages slightly 


below normal; however, in no case was the departure 
from the seasonal average greater than 0.10 inch. 

The distribution of atmospheric pressure favored 
southerly winds in most sections from the Rock Moun- 
tains eastward, except near the Canadian border, where 
‘they were frequently from the North. West of the 
Rocky Mountains the winds were variable but frequently 
between Northwest and Southwest points. 

TEMPERATURE. 

April opened with unseasonably cold weather from the 
Mississippi Valley eastward, the line of freezing tempera- 
ture extending as far south as the northern portion of 
the east Gulf States; and light frosts occurred in the 
interior of Florida. In the far West the weather was 
moderately warm for the season. Slowly rising tem- 
perature followed in the East, so that by the middle of 
the first decade moderately warm weather prevailed in 
nearly all districts. During the latter part of the decade 


decidedly lower temperature overspread the Central 
Plains States, but, otherwise, moderately warm weather 
continued. 
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The first half of the second decade was marked by 
generally mild weather in most sections, continuing until 
about the middle, when warmer weather obtained in the 
Ohio Valley and Tennessee, and in the far West, particu- 
larly in portions of California and Arizona, but consider- 
ably lower ten: crature overspread the Plains States and 
central Rocky Mountain districts. During the following 
few days colder weather overspread most eastern dis- 
tricts, while west of the Rockies the temperature con- 
tinued, as a rule, above the normal. However, by the 
end of the decade temperatures had risen to somewhat 
above the seasonal average in most sections of the 
country. 

At the beginning of the third decade the temperature 
was considerably lower in the Northeastern and Middle 
Atlantic States, and the weather was warmer over the 
upper Mississippi Valley and upper Lakes region, and 
generally mild weather prevailed elsewhere. About the 
23d a condition of high pressure and unseasonably low 
temperature moved from Canada into the border States 
between the upper Missouri Valley and Lakes region, 
and during the following three or four days there were 
sharp falls in temperature over all districts to the south- 
eastward. Freezing temperatures extended to south- 
ward of the Ohio River and killing frosts were general in 
the region indicated, as well as to the southward as far 
as northern Georgia and western North Carolina. <A 
general warming up followed, the temperature rising 
above normal in most eastern districts, while it continued 
moderate west of the Rocky Mountains, and the month 
closed with seasonable temperatures in practically all 
districts. 

The month as a whole was slightly cooler than the 
average over the central and southern Great Plains, 
most of the Gulf States, and in the extreme Northeast. 
Elsewhere the monthly means were normal or slightly 
above. The largest departures from the normal occurred 
in the far Northwest and far Southwest, where they 
averaged from +3° to +5° a day. In portions of the 
Southern Plateau region April was the first month with 
average temperature above normal since October, 1918. 


PRECIPITATION. 


At the beginning of the month generally fair weather 
prevailed in most sections. But by the middle of the 
first decade light showers had occurred in most districts 
east of the Rocky Mountains. Showery weather ob- 
tained during the next few days from the Great Lakes 
westward to the Pacific and southward to Oklahoma and 
northern Texas, and during the latter part of the decade 
precipitation overspread practically all districts east of 
the eds Mountains, the amounts being rather heavy 
in portions of New Mexico, Oklahoma, Kansas, and 
locally in the Mississippi Valley, and southeastern and 
middle Atlantic coast States. Fair weather prevailed in 
most districts during the early part of the second decade, 
but about the middle precipitation occurred in practi- 
cally all districts east of the Mississippi River and as 
far west as the central Rocky Mountains southwest to 
central Texas. During the remainder of the decade fair 
weather prevailed except for light rains locally in the 
upper Mississippi and Ohio valleys, the Lake region, 
and the Pacific coast districts. 

Karly in the third decade local rains occurred in the 
upper Mississippi and Ohio valleys and northern Plains 
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States, and about the middle rain or snow fell from the 
central and upper Mississippi Valley eastward, the 
amounts being moderately heavy at points in northern 
Ohio and western New York. During the latter part of 
the decade light rains occurred over most sections from 
the Mississippi Valley to the Rocky Mountains, and ex- 
tended later to the Ohio Valley, New York, and New 
England, but fair weather prevailed in the Southeast 
and west of the Rocky Mountains. The month closed 
with generally showery weather in the central and west- 
ern Gulf States, the Mississippi Valley, Tennessee, North 
Carolina, Virginia, and the northeastern Canadian Prov- 
inces; elsewhere fair weather prevailed. « 

For the month as a whole precipitation was well dis- 
tributed over the great agricultural districts, and while 
not greatly above the normal, the number of days with 
rain was large over the central vaileys, and considerable 
delay in preparation of the soil for spring planting re- 
sulted. fn the Southwest, particularly in eastern and 
northern New Mexico and the adjoining portions of 
Texas, Oklahoma, and Colorado, the precipitation was 
unusually heavy, a large part falling as snow during the 
early part of the month. From the middle and north- 
ern Rocky Mountain districts westward to the Pacific 
the precipitation was nearly everywhere deficient, par- 
ticularly over the middle Pacific coast section. 

The region of heaviest precipitation was along the mid- 
dle Gulf Coast, where locally the totals for the month 
exceeded 10 inches, with some unusually heavy falls in 
short periods. At Pensacola, Fla., on the 10th there was 
a fall of nearly 9 inches in less than 12 hours. Over 
considerable areas from northeastern New Mexico to the 
central portions of Minnesota and Wisconsin the monthly 
falls ranged from 4 to 6 inches, and similar amounts were 
reported from portions of the North Pacific Coast. 

In lowa more precipitation fell and more days were 
rainy in the period, February 1 to April 30, than in 
any other similar period in the 30 years since state- 
wide records have fseabs compiled, 9.53 inches falling on 
28 days, or 3.75 inches, and 9 days, above the respec- 
tive normals. The precipitation is 165 per cent of the 
normal. The year 1897 ae held the record heretofore, 
with 8.63 inches and 24 rainy days. 


SNOWFALL. 


There was generally less snow in the Western States 
than usual in April, except over the eastern slopes of 
the Rocky Mountains, where, from Wyoming and South 
Dakota to the Pan Handle of Texas and central New 
Mexico, the amounts were unusually large, most of which 
oceurred from the 6th to the 9th, when real winter 
weather prevailed. During this period heavy snows fell 
over the western portions of the Plains States, accom- 
panied by high winds and near-blizzard conditiong. The 
drifting snow greatly hampered train and wire commu- 
nications, delayed farming operations, and was severe on 
young stock. Over the foothills the snow depth ranged 
frequently from 6 to 12 inches or more, while in the high 
elevations of New Mexico the fall amounted to several 
feet. Over Arizona the comparatively warm weather 
carried off most of the snow from the mountains, but 
without any material rise in the streams. The stored 
water available for irrigation was therefore not mate- 
rially increased, and the outlook for a sufficient supply 
of water for irrigation is unfavorable. 
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RELATIVE HUMIDITY. Winds of 50 mis./hr. (22.4 m./sec./), or over, during April, 1919. 
For the month as a whole the relative humidity was 
Station Date.| Veloc- | Direc- Station 'Date,| Veloc- | Direc. 
lower than the seasonal average in most sections east of scapes: are) ity. | tion. I ‘| ity. | tion. 
the Mississippi and south of the Ohio rivers and in the a —— freosemerd I 
northern and central districts to westward of the Rocky — Alpena, Mich ...... 16 52 ne. | NorthHead,Wash. 9 62 | se. 
Block Island, R.I.. 25 | Siw. | 17 55 | 
Mountains. From New Mexico and western Texas north- Buttalo, 54). 
ward to the Canadian border and northeastward to the Cheyenne, Wyo... 
Lake region and New England, the relative humidity was 10 | 50 | 20. 
allas 51 | nw. Jerre, S. Dak..... 5 5 
above normal. The excesses over the Great Plains were | Point Reyes Light, | 
unusually large, ranging locally from 10 to 20 per cent, 
while the deficiencies in portions of the east Gulf States, Filendale,N. Dak. 5 7 55 | nw 
and locally in the far West, were nearly as great. Fl Paso, Tex......| 6 4 ow. | Providence, 25) 58 | w. 
16 52 | se, | Pueblo, Colo....... 6 
Green Bay, Wis. - . 7 60 ne, St. Louis, Mo...... 7 | 50 | s. 
SEVERE STORMS. Hatteras, N.C.....| 24 50 | n. Salt Lake (City, | 
nce, | 5 50 | nw. 
° 5 S: sky, Ohio... 10 58 | sw. 
perature distribution favorable for severe local storms, Modgna, sw. | Sandy Hook, N.J..) 
the month was comparatively free from these visitations. Mount Tamalpais, | | Tatoosh Island, | i 
On the 6th three small tornadoes formed in eastern 68| nw 
tornadoes were reported locally in west-central Texas, but wor BN: Tonopah, 5 58 | w. 
2ad,Wash 56 se. *hita, Kans..... 7 52 | w. 
without material property loss. In Iowa a small tor- 50 | sw 


nado occurred in Clinton County on the afternoon of .. , | 
the 23d, but this was likewise without much property 
loss. 


Average accumulated departures for April, 1919. 


| || | 
Temperature. Precipitation. | 
SSS SOS S Se Ce 
°F. | °F. | °F. || In. | In. | In. || P.Ct i P..Ct.| 
New England....... | 43.4, —0.2/4+12.5)! 2.47—0.6041.50/ 41.1) 74) 
Middle Atlantic. .... 51.2, +0.5/4+12.4)) 2.86, —0. 20\—0. 90) 5.7, +0.4, 66; — 2 
South Atlantic ...... 61.9 +0.7|4+ 4.8) 1.93-—1 40)\—3. 40 4.0) —0. 2) 67; — 4 
Florida Peninsula. 73.0 —0.6\— 2.20 +0. 30, +3. 00 4.1); +0. 4) 70, —4 
ONS 64. 2 —0.4/+ 0.1) 4.94 +0.90'+3. 20 3.9, —1.1) 67, — 5 
65.5 —0.4/— 0.5 2.64 —0.90'—1.40 4.6) —0. 72} — 1 
Ohio Valley and | 
Tennessee. ........| 54.8 +0.2)4 7.5) 6.2) +0.8 66 0 
Lower Lakes........| 44.6 —0.6/412.8| 7.0, 41.2) 73 +2 
Upper Lakes. .....--. 41.9 4+1.1/417.5) 2.9040 40 6.5 +0.8 7%6| +3 
North Dakota....... | 42.9 +2.21416.0| 40.4) 70 +3 
Upper Mississippi | _ 
5L0 +0. 3. 21 +0. 30;—0. 40 6.6, +1.3) 70; + 
Missouri Valley. . 50.3 —0.2/+16.7)| 3.30+0.40) 0.00) 6.4) 71 7 
Middle slope. ......- | 52.8 —1.0— 6.0) 6.2 +1.5) 68) +10 
Southern slope...... | 61.6 —0.8— 3.8} 63 +1 
4 
Southern Plateau...) 59.7, £1.9— 7.3)) 3.3) +0.5 40 +6 
Middle Plateau.....| 50.7 +1.8+ 0. 0.69 4.9) +0.8) 47 -1 
Northern Plateau...| 50.8 +1.8+ 9.2) 1.16,—0.20 | 5.9) +0.6) 55} —1 
North Pacific. ...... 50.2 4+1.24+ 3. 64 +0. 40) + 2. 80) +0. 2)| + 1 
Middle Pacific.......; 55.0, +1.4— 0. 0. 82 —1.30)—0. 60), 4.7) +0.5)| 69, — 1 
South Pacific........ 59.8 +1.3 + 0. 16 —0. 80)—3. 30) +0. 3)) +2 


4 4 
i 
f 
. 
| 
H 
a 
> 


Apri, 1919, 


SPECIAL FORECASTS AND WARNINGS—WEATHER AND CROPS. 


MONTHLY WEATHER REVIEW. 


WEATHER WARNINGS. 


By H. C. FRANKENFIELD, Supervising Forecaster. 
(Dated: Weather Bureau, Washington, D.C., May 23, 1919.] 


The first warning of the month was issued at 9:30 p. m., 
April 6. It was an advisory warning to open ports on 
Lake Michigan for increasing east winds, with rain or 
snow, on the following day. At the time there was a 
Colorado disturbance over western Nebraska with a 
northeastward movement, and strong winds and rains 
occurred as forecast, with also some severe thundersqualls 
along the northwest shore. 

On the evening of the 8th a southwestern disturbance 
was central over Texas with a promise of further develop- 
ment to the eastward, and at 10 p. m. southeast storm 
warnings were ordered along the Gulf coast from Bay St. 
Louis, Miss., to Carrabelle, Fla. The subsequent move- 
ment of the disturbance was more to the northward than 
had been anticipated, and only fresh winds occurred on 
the following day. On the morning of the 9th, with the 
storm center over Oklahoma, advisory warnings of fresh 
to strong northeast to north winds were sent to open ports 
on Lake Michigan, and moderately strong winds occurred 
during the night of the 9th and on the 10th, the warnings 
having been repeated on the morning of the 10th. By the 
afternoon of the 10th the disturbance was central over 
Wisconsin, with a decided pressure fall to the eastward, 
and at 6 p. m. southwest storm warnings were ordered 
along the Atlantic Coast from Portland, Me., to Norfolk, 
Va., for strong southwest winds, to begin by the following 
morning. At 10:30 p.m. the warnings were extended to 
Eastport, Me. Strong winds occurred generally as fore- 
cast, New York City reporting a velocity of 60 miles an 
hour from the south on the 11th. 

The display of storm warnings on the Great Lakes was 
resumed for the season on the 15th, and at 10 a.m. of that 
day northeast storm warnings were ordered for Lakes 
Michigan and Huron and central and western Lake Erie, 
and small-craft warnings for Lake Superior. At this time 
a disturbance that first appeared over Nevada on the 
morning of the 12th was central over northern Illinois, 
with a slow, but steady, eastward movement. At 2:30 
p.m. advisory warnings for fresh and possibly moderately 
strong northeast winds were sent to Lake Ontario ports. 
Strong winds occurred as forecast, and on the morning 
of the 16th, with the storm center over Ohio in more 
marked form, northeast warnings were continued on 
Lake Huron from Alpena to Mackinaw City, Mich., and 
those on Lake Erie from Cleveland, Ohio, to Erie, Pa., 
changed to northwest, while southwest warnings were 
ordered from Buffalo to Oswego, N. Y. Southeast 
warnings were also ordered along the Atlantic coast from 
Deleware Breakwater, Del., to Portland, Me., and south- 
west warnings from Baltimore, Md., to Hatteras, N. C. 
At 3:30 p. m. northeast warnings were also ordered on 
extreme eastern Lake Superior, and southeast warnings 
at 10 p. m. on the Maine coast east of Portland. All 
of these warnings were justified by the subsequent 
occurrences. 

On the morning of the 23d there was a moderate de- 
ression over the Upper Mississippi Valley and the western 
Ipper Lake Region, with a strong and cold high area to 

the northwestward, and northwest warnings were ordered 
at 10 a.m. on Lake Superior and on Lake Michigan from 
Milwaukee, Wis., and Ludington, Mich., northward, strong 


winds with rain possibly turning to snow being forecast. 
At 3:30 p. m. the northwest warnings were extended on 
Lake Huron from Mackinaw City to Alpena, and at 10 
p. m., with the disturbance over northeastern Ohio, 
northwest warnings were also ordered for the balance of 
Lake Huron and for Lake Erie as far east as Erie, Pa. 
On the morning of the 24th, with the storm central over 
Lake Ontario, northwest warnings were ordered for that 
lake, and at 12 noon for the Atlantic coast from Norfolk to 
Boston. All of these warnings were fully verified except 
in the immediate vicinity of Boston. 

By the morning of the 25th the storm center had 
reached southern Maine, and the Atlantic coast warnings 
were continued from Sandy Hook, N. J., to Boston, and 
extended northward to Eastport, Me. These warnings 
were also justified, except on the coast of Maine. There 
were no other storms during the month, and there were 
no storms without warnings. 


COLD-WAVE AND FROST WABNINGS, 


High pressure prevailed over the interior districts east 
of the Mississippi River on the morning of the Ist, and 
heavy frosts occurred as far south as the northern por- 
tions of Alabama, Georgia, and South Carolina. Frost 
warnings were then issued for the Southern States as 
far south as northern Florida and for freezing tempera- 
tures into South Carolina, and on the morning of the 2d 
light frost occurred as far south as central Florida, and 
freezing temperature to the North Carolina-South 
Carolina line. Warnings were again issued for freezing 
temperatures on the morning of the 3d in West Virginia, 
Virginia, Maryland, and the District of Columbia, and 
for frosts as far south 2s central Florida. These warn- 
ings were also verified as a whole, although the tempera- 
tures in the District of Columbia and eastern Maryland 
did not quite fall to the freezir g point. 

On the morning of the 10th warnings of frost, con- 
tingent upon clearing weather, were issued for the interior 
of the East Gulf States and central and western Tennes- 
see, but the fall in temperature was not sufficient and 
no frosts occurred, although the weather cleared and 
frosts occurred in Arkansas. ; 

On the morning of the 13th pressure was quite high 
over the lower Ohio Valley, with cool clear weather, 
and the forecasts for West Virginia, Virginia, and Mary- 
land contained a warning of possible frost on the follow- 
ing morning. Again no frost occurred owing to the 
rapid esstward movement of a western depression. 

e light frosts on the morning of the 17th over 
central Tennessee and northern Alabhibe were not fore- 
‘ast. Frosts were forecast for the morning of the 18th 
over southern Virginia, the Carolinas, the interior of 
Alabama and Mississippi, northern and central Georgia, 
Tennessee, Kentucky, and southern Ohio, and they 
occurred generally as forecast. 

Frosts were also forecast for the morning of the 19th 
over the Ohio Valley, the lower Lake region, and the 
Atlantic States from southern New England to North 
Carolina, and the forecast was correct, except along the 
Atlantic coast. 


ie 
at 
i 
| 
{ 
f 
it 
4 
= 
, 
| 
‘ 


260 MONTHLY WEATHER REVIEW. 


Other forecasts for portions of the Atlantic States on 
the 20th, 21st, 25th, 26th, and 29th were also generally 
verified. 

No cold-wave warnings were issued during the month. 


SPECIAL UPPER-AIR FORECASTS. 


Special forecasts of surface and upper-air conditions 
were made daily for the United States Army and Navy 
and the Post Office Department. These forecasts were 
found to be of great practical benefit to all concerned, 
and they have apparently become an established feature 
of the forecast work. During the month of April Maj. 
Theodore C. Macaulay, of the United States Army Air 
Service, completed a coast-to-coast flight in an aero- 
plane, and upon the completion thereof he forwarded 
the following telegram to the Chief of the Weather 
Bureau: 


Coast-to-coast and return flight completed eleven thirty today 
(April 18) covering fifty-five hundred milcs in five and one-half days 
with total fiying time of forty-four hours. Sincerely appreciate your 
valuable cooperation. 

MACAULAY. 


WARNINGS FROM OTHER DISTRICTS. 


Chicago, Til., Forecast District——The month was 
marked by rather frequent storm movement over the 
forecast district. As a consequence, the temperature 
was variable, but for the most part considerably above 
the sersonal normal during the first half of the month 
and below during the second half. Rainfall was frequent 
in the Middle States, but, while greater than the monthly 
normal, excessive amounts were recorded in only a few 
instances. The outstanding feature of the entire month 
was the small amount of sunshine in various portions of 
the district, and especially during the second half of the 
month. 

Aside from the regular forecasts the warnings during 
the month were confined to advices as to probable frosts. 
These warnings were necessary at the beginning of the 
month only for southern Missouri, extreme southern 
Illinois, and southeastern Kansas, because the condition 
of vegetation in other sections had not advanced to the 
danger point. At the close of the month, however, this 
condition was reached all over the region, except in the 
more northerly and westerly sections. 

Frost and freezing-temperature warnings were issued 
for Kansas on the 7th, 8th, 9th, and 10th, following the 
movement eastward of two well-marked low-pressure 
areas across the Middle States, and on the 9th for western 
Missouri, and again on the 10th for the entire State of 
Missouri, and these were almost fully verified. 

On the 15th, 16th, and 17th similar warnings were 
issued for Kansas, on the 15th for west and central 
Missouri, and on the 16th and 17th for all Missouri and 
southern Illinois, following the movement eastward of 
another disturbance. These, too, were verified, with the 
exception of the last warning for west and central Kansas, 
as that State by the morning of the 18th had come under 
the influence of a northwestern low-pressure area, which 
caused a shift of the winds to southerly. 

Warnings were issued on the 21st for southeastern 
Wisconsin and northeastern Illinois as a high-pressure 
area approached the Lake region from the upper Missis- 
sippi Valley, and these were fully verified. By the 
morning of the 23d an area of high pressure of great 
magnitude had developed in the Northwest, and this 
pushed slowly southeastward over the Middle States, 
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producing abnormally low temperatures over a vast area. 
As this condition was well marked, warnings of frost and 
freezing temperature were issued well in advance of the 
wave, and it was not until the evening of the 26th that 
the influence of the high terminated in the eastern portion 
of the forecast district. 

Another high-pressure area, but of lesser magnitude 
than the preceding one, pushed down from Manitoba 
over the upper Mississippi Valley and Great Lakes 
region during the 27th-28th. By that time, even, 
vegetation in the far Northwest had not developed 
sufficiently to require warnings, but on the 28th advices 
were sent to Wisconsin, Minnesota, and northeastern 
Iowa, with ensuing verifications, with the exception of the 
portion of lowa indicated, where cloudy weather devel- 
oped. 

Warnings were issued for South Dakota and Nebraska 
and western Kansas on the 30th in advance of another 
northwestern high-pressure area, but the verification of 
these warnings was confined to South Dakota and western 
and central Nebraska as the high lost intensity and was 
followed immediately by a barometric disturbance. 

While these warnings were given wide distribution, no 
estimate of their value can be well determined. It is 
probable, however, that garden truck was protected to a 
large extent. 

A special wind and weather forecast was sent to the 
observer at Helena, Mont., April 24 for Saturday the 
26th, im connection with the ‘Flying Circus” of the 
United States Army aviators advertising the Fifth 
Liberty loan, and the prediction of fair weather with 
moderate winds was fortunately verified. The observer 
at Helena has reported that the forecast was much 
appreciated. J. Cor. 

New Orleans, La., Forecast District.—Storm warnings 
ordered 9:20 p. m., April 8, for the Texas coast, Velasco 
to Port Arthur, were verified. 

Small-craft warnings were displayed on the Texas 
coast on the 6th and on the Louisiana coast on the 9th. 

Cold-wave warnings displayed over central and eastern 
Oklahoma and northwestern Arkansas, April 9, were 
partially verified. 

Fire-weather warnings were issued for Oklahoma and 
Arkansas on April 6 and were justified._/. Mf. Cline. 

Denver, Colo., Forecast District.-Warnings of frost or 
freezing temperature were issued on eight days during the 
first half of April and on four days during the latter half. 
The warnings were fully verified in nearly all cases. 
While freezing temperatures occurred in the northern 
half of the district, vegetation was too backward to be 
injured. In the latter half of the month higher tempera- 
tures prevailed and fruits made rapid progress. The 
frosts were light and the damage, if any, was slight. 
F. H. Brandenbura. 

San Francisco, Cal., Forecast Iistrict.— There were no 
severe storms during Aprilin the San Francisco Forecast 
District. Temperatures averaged slightly above normal 
and the rainfall was deficient, except in western Oregon, 
western Washington, extreme northwestern California, 
and southwestern Idaho. 

During the first ‘decade barometric pressure was unusu- 
ally low over the Aleutian Islands, and it was necessary 
to display storm warnings on the 3d at north Pacific coast 
stations and on the 5th along the northern California 
coast, and small-craft warnings on the 15th and 19th at 
northern coast stations. The Los Angeles official hoisted 
storm warnings on the 6th in his district, which were 
verified. 
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During the middle decade barometric pressure was 
unusually high over the Aleutian Islands, which resulted 
for the most part in fair weather in this district. There 
were numerous frosty mornings in the North Pacific 
States and on‘two or three mornings frost formed in 
northern California. Warnings for same were issued in 
every instance. 
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During the last decade barometric pressure over the 
Aleutian Islands was relatively low, and rain, with unset- 
tled weather, prevailed for several days in the northern 
portion of the district, including northern California. 

Live-stock warnings were issued on the 24th to places 
in the North Pacific States, and they were fully verified — 
E. A. Beals. 


RIVERS AND FLOODS, APRIL, 1919. 


AurrepD J. Henry, Meteorologist in Charge. 


Iloods on the Atlantie drainage.—Owing to the light 
snow cover and the absence of torrential rains, there were 
no destructive floods in this region during the month. 
In New England the Connecticut River reached flood 
stage at two points only, viz, White River Junction, 
Vermont and Hartford, Conn. The rivers of the South 
Atlantic States did not reach flood stage, except on the 
Santee, where a moderate flood prevailed about the 
middle of the month below the junction of the Wateree 
and the Congaree. The details are shown in Table I. 

East Gulf drainage.—In this district, likewise, only 
light local floods were recorded. The Tombigbee River 
of Alabama was above the flood stage on April 2; the 
Pearl River of Mississippi was above flood stage on April 
19. No material damage resulted. 

West Gulf drainage.-The upper Trinity was in flood 


on several days of the month, and the Rio Grande in New - 


Mexico reached flood stage during the last decade of the 
month. 

Mississippi drainage— Mississippi Rwer.-—For the third 
consecutive year there has been no flood of consequence 
in the Mississippi below Cairo and only light to moderate 
floods above St. Louis. Agricultural lands along that 
vortion of the stream between Davenport, Iowa, and 
pees ly Mo., suffered more or less by overflow in 
1915, 1916, and 1918. In 1918 the Indian Grave Levee 


broke at a stage of 17.4 feet on the Quincy, Ill., gage. . 


Since a stage of 17.5 feet was reached at Quincy on 
April 28, much apprehension was felt for the safety of 
the levees and radical measures were taken to reinforce 
weak spots. 

The natural conditions favorable to high water m this 
section of the Mississippi are the occurrence of heavy 
rains extending over two or three days in eastern Lowa 
or moderate rains extending over a longer period, the 
run-off from which may or may not synchronize with that 
from melting snow or heavy rain on the Mississippi drain- 
age above Dubuque, lowa. The magnitude of the floods 
will depend largely upon the simultaneity of the run-off 
from the two regions. The rainfall of the current season 
has caused high water quite generally in eastern Lowa 
rivers and along the Mississipp1 from Dubuque, Iowa, to 
Louisiana, Mo. The slope of the Mississippi in the 
stretch from Quiney, IIL, to Louisiana, Mo., is small; 
therefore flood waters run off slowly. Following is a 
summary of duration of flood stages taken from Table LV. 


Station. | From— To— 
| Apr. 21 | Continued at end of month. 
.| Apr. 22 Do. 
Til. .| Apr. 18 | Do. 
Hannibal, Mo | Apr. 13 Do. 
Louisiana, Mo | Apr. 17 Do. 


Along the stretch of the river represented by the above- 
named stations, farming the rich bottom lands is a more 


or less hazardous proposition. Yet, by reason of the 
great fertility of the soil, the incentive to. take the risk 
of loss by overflow is so compelling that, except for such 
times as an early overflow prevents the putting in of 
crops, the lands are always under cultivation. 
he Mississippi below Cairo was at flood stage on the 

first of the month between Memphis and Arkansas City, 
Ark. The crest of this rise reached Vicksburg, Miss., on 
the 15th, and passed thence slowly down stream as 2 
moderate freshet. The only overflow so far recorded was 
that of about 400 square miles in Mississippi, mostly be- 
tween the Yazoo and Mississippi rivers. 

The lower stretches of the Thinois River were in flood 
the entire month; that portion above Peoria from the 1st 
to the 15th. ‘Timely warnings were issued in all eases. 


Approximate loss by floods, April, 1919. 


| 


| 
Crops. 


| . | 1. | Suspen- | Money 

District. | | sion of | value of 

Prospec warnings. 

|} tive. | 
Davenport, lowa....... $20,000 .......... | $2,500 | $12,000 


.—Flood stages in the Atlantic drainage during the month of 
April, 1919. 


Above flood 
Flood stages—dates. Crest. 
River and station. - 
stage. | 
From—| To— | Stage. | Date. 
| 
Connecticut: Feet. Feet. 
White River Junction, Vt....,....4....<. 13 12 16 15.5 | i4 
Hudson: 
West Canada Creek: | 
Pals, 7.5 | 12 
Santee: | 
Ferprison (8. ©). 12 16 20} 12.2] 17-19 
** Continued from March. t+ March. 


Tasir II.—Flood stages in the East Gulf drainage during the month of 
April, 1919. 


Above flood 
Flood stages—dates. Crest 
River and station. stags. 
From—} To— | Stage. | Date 
| 
Tombigbee: Feet. | Feet. 
Pearl; 
20 19 | 21 21.0 20 
West Pearl: | 
8 14.9 27 


** Continued from March. + March. 
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Tasie III.—Flood stage in the Great Lakes drainage during the month of Tasix V.—Flood stages in the West Gulf drainage during the month of 
April, 1919. 


April, 1919. 


River and station. 


St. Joseph: 
Sandusky: 
Upper Sandusky, Ohio.................. 
Chippewa: 
Mount Pleasant, Mich................... 
Grand: 
Eaton Rapids, Mith...................-. 
Lansing, Mich............. 
Grand Ledge, Mich 


Above flood 
stages—dates. 
From—' To— 
16 19 
17 19 
19 


| 
| 12.4 17 
11.6 17 
17-18 
| 5.4 is 
| 10.7 18 
7.2 | iS 
9.6 | 17 
| 4.4] 18 


Tas_e IV.—Flood stages in the Mississippi drainage during the month of 
April, 1919. 


River and station. 


Scioto; 


Mississippi: 


Donaldsonville, La.....................- 
Wisconsin: 
Des Moines: 
Illinois: 


Beardstown, Ill 


Grand: 
Missouri: 
Bismarck, N. 
St. Francis: 
Yazoo: 


Atchafalaya: 
Simmesport, La 


Sulphur: | 


** Continued from March. 


Above flood 
stages—dates. Crest 


From— To— 


17 17 

22 (*) 

18 (*) 

13 (*) 

17 *) 

29 (*) 
| (**) 3 
| 
Lb 

24 27 
(**) 20 
| (**) (*) | 
| (*) 15 
| (**) 17 
(*) (*) 
| (**) (*) 

} 14 

| 

12 15 
(**) 10 
(**) 4 
(**) 10 


11.4 | 17 
6.5 1S 
14.8 1 
42.2 1 
13.8 22 
11.7 16-17 
13.5 731 
16.6 22-23 
15.4 24 
10.7 25 
13.7 25 
15.8 26 
16.2 27-28 
19.2 27 
17.5 28 
17.9 28 
15.8 29 
18.6 30 
20.1 30 
34.3 1 
36.7 1 
46.2 1 
49.4 5- 6 
41.7 5-7 
46.0 9-12 
45.7 12-14 
34.5 16 
27.0 17 
17.1 12 
13. 4 | 12 
12.0 26 
17.5 | 1 
12.9 1 
20.0. 1 
17.9 | 
19.1 | 1 
16.3 1 
21.8 13 
11.4 14 
11.1 5 
14.6 6 
20.7 13 
17.1 1- 
34.7 2 
28.9 17-20 


37.4| 17-18 
11.0 | 1 
17.0 | 29 

1 
18,2 | 19 

+ March 


River and station. 


Trinity: 


Sabine: 

Guadalupe: 


Rio Grande: 
Albuquerque, N. 
North Fork, Gunnison: 


** Continued from March. 


| 


Above flood . 
Crest. 
stages—dates. r 
Flooa | 
— 
From—| To— | Stage. Date. 
Feet. | Feet. | 
os 2) 30.7} 
9 13 31.5 11-12 
28 16 19 29 18 
tess 18.4 1 
| 
16 6 6 | 18.1 6 
14 22 (*) | 15.3 28-30 
| | 


* Continued into May. 


MEAN LAKE LEVELS DURING APRIL, 1919. 


By Unrrep Stares LAKe Survey. 


{Dated: Detroit, Mich., May 5, 1919.] 


The following data are reported in the ‘Notice to 


Mariners”’ of the above date: 


Data. 


Mean level during April, 1919: 


Above mean sea level at New York...-... 
Above or below 
Mean stage of March, 1919............ 
Mean stage of April, 1918............- 
A verage stage for April, last 10 years. 
Highest recorded April stage..-...-.- 
Lowest recorded April stage......... 
Average relation of the April level to 


Lakes.* 
| 
Michigan | 
Superior. and | Erie. | Ontario. 
Huron. | | 
Feet. Feet. Feet. | Feet. 
602.02 581.02 | 573.05 246. 43 
| 
+0.13 +0.28 | +0.57 | +0.42 
+0.58 —0.39 | 40.79}  —0.74 
+0.45 +0.84) +0.75) +0.09 
—0.67 —2.21 | —1.13 | —2.00 
+1.48, +1.79 +1.59 
| 
4+-0.3 +0.6 +0.7 
—0.3 —0.4 | —0.3 


* Lake St. Clair’s level: In Apmril, 575.88 feet 


| 
| 
Crest. 
stage. j : 
Stage. | Date. 
Feet. 
10 
a 13 
5 
1! 
| 
| 
| Flood 
| Feet. Reet. 
Wabash: 
15 
Ohio: 
12 
12 
18 
16 
ae 10 | 
15 
16 
14 
17 
14 
13 
12 
18 
21 
34 
35 
42 

42 
42 
45 
46 f 
35 
28 
18 
12 
~ § 10 i 
12 
12 
| 10 
12 
22 
| 17 
: -| 36 
| 25 
41 38. 2 17-1! 

Melville, 37 
i James: 
i Little Arkansas: 
Cache: 
20 
* Continued into May. 
| 
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EFFECT OF WEATHER ON CROPS, APRIL, 1919. 
By J. Warren Smiru, Meteorologist in Charge. 


Farm work.—The month was generally favorable for 
outdoor operations from the Rocky Mountains westward 
and farm work made good progress in those districts. 
It was also mostly favorable in the Southern States, but 
frequent rains and continued wet soil interrupted farming 
operations in many central and northern localities, an 
at the close of the month work was generally behind the 
seasonal average in those sections. 

Winter grains.—The weather continued favorable in 
most districts for the development of winter grains and 
winter wheat, oats, rye, and barley made satisfactory 


progress — the month; these crops were generally in’ 


good to excellent condition at its close. Growth ot 
winter wheat was somewhat too rank in portions of the 
ventral Plains region and lower Missouri Valley and 
some lodging was reported in eastern Kansas; rain was 
needed in some southern localities at the end of the 
month. 

Spring crops.—Conditions were generally favorable in 
the spring-wheat area and seeding spring wheat had 
progressed to the northern limits of the belt at the close 
of the month, although there was some delay by wet soil 
in Minnesota and Wisconsin. The early sown grain in 
the central and southern portions of the belt made good 
progress during the latter part of the month. The 
preparation of corn ground was considerably delayed in 
many central districts, especially in portions of the Great 
Plains area, and it was too cool for satisfactory germina- 
tion of corn the latter part of the month. There was 
some frost damage to this crop during the last week in 
Tennessee and the central Appalachian Mountain States. 
Oats seeding was delayed by frequent rains and wet soil 
in many of the important producing areas. 


The first half of the month was monty favorable for 
cotton pian fines germination of seed, and growth of the 
early planted cotton in most of the eastern portion of 
the belt, but rains and wet soil were unfavorable to the 
westward of the Mississippi River. The last half was 
favorable for farm work generally, and planting. and 
replanting made good progress, but the cool weather was 
decidedly unfavorable for germination and growth in 
most localities, while frost on the 26th and 27th damaged 
the early crop in the Carolinas. 

Truck crops.—The first part of the month was too cool 
and wet for truck crops in much of the South, and there 
was some frost damage early in the month as far south 
as the interior of northern Florida. Thereafter, the 
weather was fairly favorable for truck in most southern 
districts, but it continued too wet for planting in many 
central localities, and in the latter part of the mont 
there was some damage to potatoes and other truck from 
the Ohio Valley eastward. 

Live stock.—Weather conditions continued favorable 
for pastures and ranges throughout the month in prac- 
tically all sections of the country, and stock generally 
did well, although at the close of the month grass needed 
more moisture locally in the southeast and in the Rocky 
Mountain States and far southwest. Cattle and sheep 
were moving to summer ranges in the Rocky Mountain 
districts. 

‘ruits.—Fruits made satisfactory progress in most 
districts under generally favorable weather conditions, 
although there was some damage by frost and freezing 
temperatures in central districts and also in portions 
of the Atlantic and northern east Gulf States. In the 
Lake region the development of fruit buds was checked 
by cool weather in the latter part of the month. 


te 
} 
| 
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CLIMATOLOGICAL TABLES. 


CONDENSED CLIMATOLOGICAL SUMMARY. 


Apri, 1919 


In the following table are given for the various sections of the climatological service of the Weather Bureau the 


monthly average temperature and total rainfall; the stations reporting the highest and lowest temperatures, with 
dates of occurrence; the stations reporting the greatest and least total precipitation; and other data as indicated by 
the several headings. 
The mean temperature for each section, the highest and lowest temperatures, the average precipitation, and the 
greatest and least monthly amounts are found by using all trustworthy records available. 
The mean departures from normal temperatures and precipitation are based only on records from stations that 
Of course the number of such records is smaller than the total number of 


have 10 or more years of observations. 


stations. 
2 
Section. 3 
& 
oa 
| 3 
61.6 
57.3 
44.4 
68.8 
63.9 
Hawaii (March)...... 69. 2 
46.4 
Illinois... 53.4 
52.1 
48.4 
53.2 
56.7 
66.2 
Maryland-Delaware .. 51.8 
Michigan...........-- 42.7 | 
Minnesota........-..- 43.3 
Mississippi..........--' 63.1 | 
55.3 | 
47.4 
50.7 
NewEngland......... 42.9 
49.3 
New Mexico......-. 51.9 
North Carolina. .....- 57.9 
North Dakota. .....-- 43.3 
49.7 
50.0 
Pennsylvania.........| 48.5 | 
Parte 76.0 
South Carolina... .. --| 62.4 
South Dakota. 44.8 
59.0 
65.6 
49.0 
54.7 
Washington......-.. 49.5 
West Virginia. ......-. 51.8 
43.3 
| 41.9 


Condensed climatological summary of temperature and precipitation by sections, April, 1919. 


from the nor- 


mal, 


Departure 


+0.8 


| 


+ 


Station. 


Mahukona......... 


Glenn’s Ferry 


2 stations .........- 
Earlington......... 
Reserve ........... 
Cumberland......... 


Lodgepole.......... 
Franklin, N. H.... 


Deming. ........ 
Port Jervis. 
Wenona... 


Berthold Agency. 


2 stations...... 
Sallisaw. . . 

La Grande...... 
Lykens..... 


Canovanas........ 


3 stations.... 


Rosebud (gency. 


Decatur. 


Lincoln..... 

Sheboygan...... 


Mount Vernon..... 


Temperature. 


Monthly extremes. 


Highest. 


Station. 

5 
24 
38 
Calico Rock......... 24 
Tamarack..... 10 
- 4 
2 stations...... 30 
26 
Glenwood. .......... 45 
‘ 
Alexander...........) 19 
Auburn..... 12 
3 stations..... 
Kelly (near).........4 31 
4 
Sidnaw........ 3 
Winton....... 
Booneville. ....... 28 
Goodland ....... 20 
1 
Fort Robinson... 5 
Marlette Lake. 10 
Patten, Me... 13 
Culvers Lake.... 10 
ted River Canyon 
Indian Lake ........\— 3 
RBowbells.. 6 
10 

19 

rham 6 

v 54 
Saluda.... 24 
14 
23 
a 

2. 
Big St. Germain 4 
Dam. 

Foxpark. . 9 


+Other dates also. 


Date, 


aver- 


S 

2 
® 


age’ 


Departure 


from thenor- 


mal, 


+1.37 
-0, 66 


0.09 


Honomu...... 
Middle Fork 


Precipitation. 


Greatest monthly. 


Station. 


Citronelle..... 


iiuntingburg...... 
Cumberland......... 
Leavenworth........ 
Calhoun...... 
Dutehtown...... 


Amount.| 


He 


Milford, Del... 


Wem). 


New Ulm.. 
Woodville... 


Grant City ......... 
| Plattsmouth........ 


Gold Creek... 


Danielson, Conn.... 


Tuckerton....... 


Montpelier. ..... 
Hobart....... 
Deadwood ... 
Eris..... 
Comerio Falis 


feath Spring... 


} 
Harveys Ranch. 


Johnsonville..... 


Childress. ....-. 


Callaville........ 
Quiniault. .. 


Camden-on-Gauley.. 


Oconto.... 


Elk Mountain...... 


or 


ws: 
NO 


N 


=z 


Birmingham........ 


Least monthly. 


Station. 


23 


Whitecliffs.......... 


Makopuu Point..... 


Bu 


| Br 


.. | 


| 


Westernport......... 
Grand Marais....... 


2 stations... 


Northfield, Vt....... 
Culvers Lake........ 


Lordsburg....... 


Hugo..... 


Rio Hermoso ....... 


Media. . 


San Juan.... 
Walterboro........ 
Lemmon........-.... 
Sewanec........... 


Barstow..... 


2 stations......... 


Green River.......- 


Amount. 


‘ 
9 


| 

| 

| 
°F. | In. | In. | | In, | 

= 2 | 3.50 | —0.86 | 
| Sentinel............. 17 67 | 0.64 | —0.13 | 
+0,5 | Texarkana.........., 95) 24 16 | 3.56 | —1.27 | 

+0.3 104 | 22t 17 | 0.85 | —0.94! Upper Mattole..... 
4+-0.7 89 187 1.88} 0.00} Las Animas......... Grandlake.......... 
1.0 94 24+ 212.33 0.15 | Pensacola.......... Boca Grande. ....... 

93 22+ 1f!| 2.25 -1.17 | Tate Savannah 
93] 13 25 | 5.70 | —2.65 
so, 7 1 | 2.50] —0.75 | | Urbana............- 
23 1 3.14] —0,24 42 | Veedersburg........ 
i 6 1 | 4.78 | +1.92 00 | Kookuk.............| 
x 23 3.51 | —0.43 | 55 1.48 
93 | 25 2 5.56 | +1.30 23 | Robeline.. 
ss | 9 2113.42| +0.03| ..... 92 1.30 

80! 6t 1 3.37} +1.12 75 
$5 | 30 2.55 | +0. 63 | . 36 
Yazoo City.......... 92 24 1 5.17) 40.18 2. 36 
van 2stations..........., Lt 3.01 | —0.64 ..| 148 
~ 88 | 18 8 | 3.12) +0.69 0.47 
99, 30 14) 0.44 0.33 | 0.00 

85 7 2 || 3.06 470 2. 20 
-| 20 10 | 2.16 | +0.98 | San Jon. 0. 02 
3 3.23 | +0.27 | Adams Center .... 5.0) | (0.93 
93 8 1 | 2.96 0.72 | Highiands...........| 6.06 | .... 1.01 
-| 20 | +0.14 | Hettinger 0.55 
89 9 2t 3.02) +0.06 _... 5.86) Gat 
| 94| 23 10 | 4.07 
991 27 3 || 2.50] 4 10.31 | (0.14 
gol 8 1! 2.70! —0.72 4.76| | 0.99 
95 | 1 2 || 7.87 | +2.76 17.49 3.09 
fi | 92) 144 2 | 2:10! —0.76 4.10 0. 36 
| 0 40.09 | 655 | 
91) 21 1 || 3.27 1.31 | 5.19 | 4.95 
64 10 || 2.55 | —0.48 | 9.40 | 0.17 
-| 93} 22 | 0.89!) —0.39 | Si 0.00 
+0.1 9 1 | 301 | —0.24 | 5.08 1. 61 
+0.9 89 | 27 15 || 2.54) +0.56 
—0. 1 90 | 97 2 || 2.44 112 | 4.2], 03 
+0.1 78 7 1 |! 0. 60 
| | | 

i 
Say 

| 
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Taste I.—Climatological data for Weather Bureau stations, April, 1919. 


| Elevation of 


| instruments. Pressure. Temperature of the air. | 3 Precipitation. Wind. a fs 
Ss if | $8} | SieiSisis ie is ~ 4°58 sig 
| | 
Ft. | Ft. In In In. °F °F °F|°F °F: In. | In. Miles. | 0-10| In. | In 
New England. 0.24 | 74| 2.47, — 0.6 6.7) 
76 29.89] 29.97/40, 38.4/+ 0.1) 51/ 12) 44; 19 2) 33) 36 32] 79] 14) 8,113) s | 441s 12} 4) 4) 22 5.2) 0.0 
Greenville...........-. 11,07 6|....| 28.78] 29.97)...... | 65) 23) 46; 6, 4/27] 39)... 5) 10.8) 0.0 
Portland, Me..........| 103, 82] 117} 29. 88) 30.004 2.3|— 0,7} 63) 23) 49) 17: 2) 36) 25) 37, 31) 68} 6,581) nw. 30} e. 16} 6) 17 6. 7| 1,3) 0.0 
Concord............... 70) 29.68] 29.99] 48.3|— 23} 58 15° 1/34) 1,92'— 0,9] 12) 3,268) nw. | 13] mw. | 21/11) 7/ 12) 5.3) 0.4) 0.0 
104, 11] 48) 29. 54} 30. 00!+ ‘on! 39. 5|— 1.2) 70) 23) 47; 12 4) 32} 2.424 0.6) 16] 7,756) s. | 46] s. 4) 7| 19) 7.6) 0.0 
Northfield........... oat 12) 60} 29.04] 30.01/+ 38.6/— 701 23] 48 8 3, 29 7 13! 5,222) n. 28) s. 24; 3| 20 7.9) 0, 4} 0.0 
125) 115) 188] 29.85] 20.99!4 46. 1.51 68| 54 19 40 1.2) 19] 7,525) w. 36] w. 25; 6| 7/17] 7.0] T. 10.0 
Nantucket 12) 14) 90} 29.98] 29.99)4- .02) 43.2/— 1.0] 58! 20) 48 22 38 0.2) 12)\11,680) sw. w. 25} 16} T. | 0.0 
Block Island.......... | 11) 46) 29.96) 20.99/+ . 01] 44.2\+ 0.4) 59) 12) 50 9) 38 1.1} 12)12,780) sw. | 56) w. 25 9} 4/ 17| 6.3) T. | 0.0 
Providence. ..-........ 160, 215} 251] 29.82] 30.00)-+ 46.3/—- 0.3] 66] 223/55 9! 3g 0.4) 12] 9,725) w. 55] w. 25} 12) 11) 6.0) T. | 00 
| 159 122) 140} 29, 83} 30.01/4+ 02! 47. 4\+ 0.7| 72] 23) 56 18 1) 39 0.8) 14] 6,045! nw. 36} s. 11} 8 6) 16) 6.6 T. | 0.0 
New Haven........... 106, 117| 155} 29.90} 30.02\+ .03/ 47.0/+ 0.6! 55° 20 2) 39 0.2) 13} 7,298) n. 32} w. 25; 9) 9) 12) 5.5) T. | 0.0 
Middle Atlantic States. | | } | 81. 0.5 | 0. 2) 
Albany........-...-.. 97 102) 115) 29.90 30. 0114 01) 45, 0.5] 73] 23) 54, 19! 1) 37 0.4; 13) 5,882) nw. | 33} s 10; 10} 5) 15] 6.2) 0.3) 0.0 
Binghamion.......... 871 10) 69 29.06] 30.01 — .01! 45.2'+ 0.8 79| 7] 55! 16 1| 36 0.0) 15) 4,826! aw. 34| Sw 11}; 6| 18} 7.1) 0.9) 
314 414) 454 29,67) 39.01\4+ .01) 48.8'+ 0.7) 76) 7| 57 21 1! 40 0.8) 11/13,718 nw. | 62) mw. | 24 5) 13] 12) 6.5) T. | 0.0 
Harrisburg............ | 374 94 104 29.63} 30. .02) 51.04 0.3) 81) 7/60 23 1! 42 0.6) 5,588) nw. 20) nw. | 24; 5) 13) 12) 6.5) 0.1) 0.0 
117 123) 190, 29.92} 30, 52.4.+ 1.6) 77) 62, 24 1) 43 0.3) 8,231) nw. | 37] nw. 24, 11) 10| 5.6) T. | 0.0 
| 325° 98 29,681 30.04)... | 81.0)...... | 83] 7/61) 23 1) 41] 1.2) 6,084) nw. | 40] se 16, 11; 10) 5.8) T. | 00 
Seranton.......-... 805 119, 29,15) 30.02)+ 47.9'+ 0,8) 82) 57; 19 1, 38 0.1; 14) 5,945) sw. 34] nw. | 25) 7} 7| 16) 6.4) 1.3) 0.0 
Atlantic City.......... 52 37; 4%) 29.97] 30.08/+ 48.8,+ 1.2] 56) 23 1) 42 | 0.5) 10) 6,356; nw. 28) nw. 24) 12; 10; 4.9) T. | 0.0 
Cape May............. | 18 13) 49 30.05} 30,07/+ 50.0\+ 1.6) 72) 24) 57) 26, 1) 33 45, 41, 76) 4.454 1.5] 10| 7,736) nw. | 36] nw. | 24) 8 10) 12)....| 0.1) 0.0 
Sandy Hook.......... (10; 57) 30.00; 30.02!_..... 69} 55, 23) 1] 41) 43] 75] ‘44/12, 153) w. 61] s. 11) 10) 11) 9) 5.3) 0.1) 0.0 
190 159) 183) 29, 81} 77| 60, 21) 1] 40) 33 3| 36) 64: 2.91/\— 0,4) 9 9,572| nw. 48) w. 25; 8 13) 9) 5.9) T. | 0.0 
123 100 113, 29.91] 39.04.+ 52.9 — 0,1) 73) 20 62 5| 44 33) 46) 38! 62 4, 0.8} 6] 5,320) sw. 30) nw. 24; 13) 5.8) T. | 00 
Washington........... 112) 62) 85) 29.92) 30.04/4+ .02) 53.8/4+ 0.7) 83] 9) 64) 24) 34) 46) 38] 61! 3. 72\+ 0.5) 5,769) nw. | 42) mw. | 24) 7) 11) 12) 6.0) T. | 0.0 
| 681 153) 188) 29.30) 30.044 .02) 55.6 0.0: 86) 9) 68 27| 2) 44! 36 48) 40) 61) 2.18|\— 1.0) 9} 5,821) nw. 37) nw. 24 14| 7} 9} 5,2) 0.0) 00 
| 170) 205, 29.96} 39.06 + .05) 56.9/+ 0.9] 84] 15) 67) 2! 35 49) 43) 65) 1.61/\— 2.2) 9,622! s 44| sw. 16; 13) 9 8 4.4 T. [O00 
Richmond)... 144 11) 29.89) 30.05 + .03) 56.6/— 0.6; 83/15 68) 24} 2) 45) 38) 49] 43) 3.25— 0.2] 7] 5.235] se 24! s. 16) 10) 13) 5.7) O 0.0 
Wytheville............ (2, 293 49) 55) 27.66) 30.04.+ .01) 51.3\— 0.3) 80) 9) 63, 20) 1) 40, 37, 44) 38) 63) 3.45\- 0.2! 9 nw. | 31/s 10, 13} 4.3) 0.0) 0.0 
| } 
South Atlantic States. 1 61.9'+ 0.7) | 67) 1.93 — 1.4 4.0 
|2,255| 70} 84! 27.71) 30.064 .08! 54.4/4+ 0.5 9} 66; 25) 43} 38) 46) 39) 60) 1.9 32} se. 15! 14; 10) 6) 4.0) T. | 0.0 
Charlotte.............. 773) 153) 161| 29, 21) 30.05!+- .02) 60.0/+ 0.8) 87} 9 71, 30} 1) 49) 32) 53! 48) 69] 3.90/4 0.5) 7 20) nw. | 24} 10) 12} 814.9 0, 0.0 
11) 12) 50) 30. 05} 30.06 + 58.4/+ 0.4) 24 65) 2) 52) 25) 54; 50) 75] 1.80I- 26! 10 50! n | 24 11) 11; 8) 4.8 0.0): 9.0 
376 103) 110) 29. 64) 30.05 + .02 59.8/4+ 0.8 86] 9 70) 30) 2 49! 33 52| 47) 67) 18) 6 sw. | 16) 10) 12) 8) 4.8) 0.0) 0.0 
Wilmington........... 78) 81) 91) 29,99) 30.07'+ . 04) 61.6/+ 87] 9/71; 33} 2) 52) 26 54) 49] 70] 3.2314 0.4! 715 32 sw. | 18) 5 3. 6) 0.0) 0.0 
Charleston. ......... 48 11} 92> 30,02) 39.07 + 0.6] 89) 24, 72! 38] 1) 57! 25: 57| 53) 7 0. 2.3) 3 33) sw. | 20) 3) 7) 3.2) 0.0, 0.0 
Columbia, 8. C........ 351, 57) 29.69} 30.07'+ .04, 63.6/+ 29 75! 32] 1/52) 32) 53] 45) 58! 0,7) 3] 5 30 sw. | 16) 18) 7| 3.6 0.0) 0.0 
180 62! 77| 29, 86| 30.05 + .02) 63.8 4+ 0.6 76; 34] 52) 35) 56} 49) 63) 1.92, 1.6) 31 sw 16; 14, 8 4.5 0.0) 0.0 
Savannah............. 65, 150) 194) 30,00) 39.07 + .04) 65.8/+ 1.1) 89] 24! 75) 39! 1/57) 27) 53) 2.4) s. 11) 16) 7} 7| 4.0 0.0) 0.0 
Jacksonville........... 43 200 245) 30, 02} 30.07 + . 03} 67.3/4+ 75, 42) 2 60) 23) 59] 54) 71] 1.26, 1.51 3 35, se. 11 20) 5} 5) 3.3, 0.0) 0.0 
Greenville, 8. 113! 122 28.94! 30.08... 60. 8}......! 85] 24) 72) 32) 1) 50: 29° 44) 59) | 5 33, w. | 17) 15! 9| 6! 3.7) 0.0 
Fiorida Peninsula. | 73.0, —0.6 | | 0.3) | | 4.1) 
| | | | | | 
22, 10) 64 30,00; 30.02 .00 75.5) 0.0 86) 16) 81! 63) 3, 70 + 1.8] 7,465! e. 25| nw. | 18 19) 7| 4) 3.1) 0.0) 0.0 
25; 71) 79) 30.03, 30.06 ...... 72.6'— 1.6) 84) 25] 78) 56} 2) 67 + 0.5) 8 6,881) e. 28) ne. 26) 13) 12) 5) 4.7) 0.0) 0.0 
35! 79) 92) 30.02 30.06 .00 70.8\— 0.2 25) 80' 46) 2) 61 — 2) 4,974) ne 27) sw. 16) 12! 12) 6) 4.6) 0. 0} 0.0 
| | | | } 
East Gulf States, 64.2— 0.4 | +09 | | | | 3.9) 
| | } | | 
ds 1,174] 190} 216) 28.83 3 1.06/4+ .03 61.7/+ 0.6 83) 23] 72) 30! 1] 52 8i+ 0.6) 6) 8,172) nw 33] nw. 1/17} 6| 713.7) 0.0/0.0 
370) 78) 29.66, 30.06/+ .03! 63.8 + 0.7! 87) 23) 76| 33) 52 1.6) 6) 4,316) nw s 15! 16} 6) 8) 3.9) 0.0) 0.0 
Thomasville. ...-.....| 273] 49] 58) 29.76, 30.06/+ .03| 66.4/— 0.3! 88 24) 78) 37) 1) 55 78|\— 0.9} 3) 3,031) n 16) sw 4) 15) 8} 7) 3.9) 0.0) OO 
Pensacola......... 56) 149] 185) 30.01! 30. 07/4 . 05!) 65. 2,7) 87| 24] 71] 411 59 + 8.6) 8,812) se 50} se 10) 17/ 3) 10) 3.8) 0.0) 0.0 
| 741! 9} 57) 29.29 30. 08) + . 05) 60.9'+ 0.5! 85) 8] 74) 30) 2) 48 + 0.3) 6) 3,752) s 20) se 17; 4; 913.8) 0.0) 0.0 
Birmingham.......... | 700) 11! 48} 29.31) 30.08/4+ .96 0.7/ 85! 74! 32} 2] 52 55|— 2.1; 5) 5,025) | 28) se 9 19) 2) 9) 3.7) 0.0) 0.0 
| 125; 161) 30.00; 30.06/4+ . 04! 65.6 — 0.4) 89) 24) 74) 42) 1) 57 2.5; 6) 6,755) nw. | 32} se. 10} 16} 5) 93.8) 0.0100 
Montgomery.......... | 223] 100) 112} 29,82) 30.07|/+ .04) 65.1/— 0.1) 88! 24 76) 36) 1) 55 + 0.4; 8] 4,515) sw. | 21) w 16, 17; 4) 9) 3.9) 0.0) 0.0 
Meridian... i. ...- 54... 375} 85) 29.66) 30.05/+ .03) 62.7\— 1.4! 86] 24] 74 33) 2) 51 — 1.3 8 3,747) s 27| nw. 15) 17) 5, 38) 3.9) 0.6) 0, 
W | 247) 65) 74) 29.76 30, 05)+ .05 64.2)\— 1.0 86) 24) 74) 37! 1) 54 0.0 5,378) se 30} s 9} 16 5} 4.1; 0.0! 0.0 
New Orleans. ......... 84) 29.98) 30.04)/4+ .04 68,1)4+ 0.2 86) 25 76) 48) 1) 60 + 3.0 7| 4,738) se. | 24) n 10) 15) 6) 4.5) 0.0) 0.0 
} | | | | | | | | | | | 
West Gulf States. | 65.5 0.4 | 09) | | | 4.6 
Shreveport............ | 249} 98) 29.75 30. 02|+ 05) 65, 0.6) 87} 24] 7 | 43) 10| 55, 28 57! .93\— 0.6! 6,075) s. 26) w 17} 6| 3.8) 0.0) 0.0 
Bentonville........... 11.30% 11} 44] 28.60) 29.97)4+ 57.9/+ 1.0) 85) 23 69! 34! 18) 47 ak — 0.2) 11) 5,169) s. | 30) sw. 9} 13) 10) 4.8)° 0.01 0.0 
Bort | 457] 79| 94! 29,49 29, 97/4 - 01) 62,0|— 0.3) 86) 23] 73) 38] 10; 51) 36) 55; 50 .90/— 1.0) 10) 7,305) e. 41) w. 9 9) 14) 5.1) 0.6) 0.0 
Little Roeck....... 357) 139) 147) 29.63) 30.01/+ .03 61.6 — 1.1) 84) 23) 72! 37] 1; 52; 33) 5 48, 6: .09|— 0.4) 10) 7,342) s. 36) se 9/13) 5) 12) 4.7 0.0) 0.0 
Corpus Christi. ....... 20; 69 77) 29.96) 29. 98/4 .03) 70.5\— 0 4] 85) 76} 52! 11) 65 — 1.1) 5) 9,004) se. 13| 8! 9] 5.2) 0.0) 0.0 
512) 109 117} 29, 42) 29. 97|...... | 84) 24) 76) 40) 10) 55) 2.55). 10) 7,917] s. | 51 nw. | 4) 14) 10) 6) 4.0) 9.0) 0.0 
Bet Worenz. 670) 106 114) 29, 22) 29.93)— .01) 0.3) 85) 12) 76 38) 10; 54 — 0.6 9) 8,774) s. | 46) nw. 4 16 8) 6) 3.9) 0.0) 
Galveston........... 54] 106 114) 29.97] 30.03/4+- 106. 68. 0.3! 79) 30) 72} 53) 10) 64 1.0) 6| 8,729} se. | 86) se. 28/ 12) 9) 9) 4.8) 0.0) 0.0 
138} Lil 121) 29, 86 39, 00) 69. 0.6) 85) 24) 78} 49) 60, 1.16)...... 7| 7,144) se. | 32) se. | 8 12) 8 10) 4.5) 0.0) 0&0 
510} 64 72} 29.47| 30.00/4+ .04 66,2 0.3) 85) 12) 77; 41) 10) 56 — 2.8 5,987} s. | 30) s. ; 6 11) 9 10| 5.0 0.0) 0.0 
Port Arthur.......... 34) 58, 66) 29.97) 30.01)...... 62 6). 35; J. | 82) 25) 74] 50! 61 23) 62} 58) 76] 6 7,550; s. | 3ijs. | 9 13) 914.8 6.0) 0.0 
San Antonio. ......... 119, 132} 29, 24) 29.96!4 .03! 68.4/— 0.6 85! 78! 45) 10) 58 + 3) 6,668} se 40) se. 2 i 10, 9) 4.6, 0.0) 0.0 
582! 55 63) 29. 39 30. 00|+ .05| 66.8\— 0.7! 85) 12! 78} 40) 10) 56 — 2, 7| 7,648) se. se. | 26, 12' 8) 10) 4.8! 0.0) 0.0 
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TaBLE I.—Climatological data for Weather Bureau stations, April, 1919—Continued. 


Aprin, 1919 


Districts and stations. 


Ohio Valley and 
Tennessee. 


Chattanooga. ..-....-.-- 


i 


| 


Indianapolis ....--.... 
Terre Haute...-..-..... | 
| 


20 
Parkersburg. .....-.- 


Lower Lake Region. 


| 


Fort Wayne........... 


Upper Lake Region. 


Grand Haven........- 


Grand Rapids... ..-..--| 


Marquette............. 


Sault Sainte Marie.... 


Green Bay. ........ 


Milwaukee. ........... 


North Dakota. 


8 


Devils Lake........... 
Ellendale............- 


Grand Forks.......... | 


Upper Mississippi Valley. 


Charles City........ 
Davenport...........-. 
Springfield, Il........ 


Missouri Valley. 


Columbia, Mo......... 
Kansas City.......... 
Springfield, Mo........ 


1,872, 41 


2 
1,233; 49, 57) 28.63) 29.964 .O1 


j 
Elevation of | 


Pressure. 


Temperature of the air. 


instruments. | 
| 
g |e lo je leo 
n | n 
@ \2 (Es 
24/6 
= 
a le 
& 
ES = | 
& Ss | 
EE le | 
s ie | 


Ft, | Ft, | Ft, In, | I 


762| 189] 213) 29.26, 30.07|+0, 04 
996| 102) 111) 28,99) 30.05) + 
399| 76) 97| 29.64) 30. 06)+ 


546) 168) 29. 47) 30. 
989) 193) 230) 28.98 30. 


525) 219) 255| 29.46 30. 5 
139) 175) 29.56, 30. 06 
822} 194) 230] 29. 12) 30, 


96| 129} 29.38) 30. 
628} 11] 51) 29.35) 30. 
824| 173) 222} 29.15) 30. 


899) 181) 216} 29.03) 30. 
842! 353) 410) 29.12) 30. 
41) 50) 27.98) 30.05 
638) 77) 29, 39) 30. 05 


| 


767| 247} 280) 29.16) 30.01 


628| 208) 243) 29.33 30.02 4 
856| 113) 124 29.09) 30.02 
730) 218| 245, 29. 21| 30.02 


29.05) 30.01 
637, 60} 66 29.29) 30.00 
734, 111) 29.24) 30.06 
638, 70) 120 29.30) 30.00 — 
641) 48} 82 29.30) 30.00 
614) 11) 61) 29.32) 30.03 
823) 140] 310) 29.11) 30.00 
617| 109) 144, 29.32) 29.98 — 


681, 119) 133 29.24) 29.99 
1,133, 11) 47 28.78) 30.024 . 


940} 57) 28.98) 30. 
57, 28.21) 30. 
1,482) 11) 44) 28.40) 30. 
1,457, 10) 56, 28.41! 29. 
835} 12) 89)...... 
48 


918} 10) 208) 28.96 29.96 
837) 236) 29.06 29.98 — 
714) 11) 48) 29.19, 29.98 
974; 70| 78) 28.94) 30.00 + 
11,247| 4j....| 28.63 29.98 
1,015; 10) 49) 28.89) 29.98 
606, 71) 29.31) 29.97, — 
861) 84] 97) 29.05) 29.97 
698! 81] 96) 29.24) 29.99 4 
614| 64] 78, 29.30) 29.98 
356) 87! 93 29.62) 30.00 + 
609} 11) 45 29.32) 29.99 
644) 10} 91) 29.29) 29. 
534) 109! 29.40) 29. 
567) 303) 29.37) 29. 


572; 70; 75 28.30) 29. 


mean of 24 hours. 


Departure from nor- 


In, 


3 


mal. 


02) 5 


- 06 


05) 5 


_dew-point. 


mal. 


Maximum. 


Date. 


temperature of the 


min. + 2. 


| Date. 
Mean relative humidity. 


Mean minimum. 


Minimum, 
Mean 


| Mean max. + mean 


| Departure from nor- 


° 


sy 


N 


ere 


| 


1+ 
= 


| 
—) 


SS 


Wor 


+ +1 


+ 


+ 


DD WOMAN HNN 
141 

Q 


| 
| Precipitation. Wind. 
Te 
8 | Maximum 
6 
Ss 
if 
2 = = D 
= A A 1A 
| | 
n.| In |Miles.| 
3.02 — 0.6 | 
2.90\— 1.5] 8 5,853) 33) Ss. 10 
3.68 — 1.0) 10 4,632 26 Sw. 15 
3.17/— 1.7| 8) 6,807 36 Sw. 10 
2.66— 1.7| 6,426 40 Sw. 15 
3.51 4 0.2) 14 10,059) 42, Sw. 10 
3.15|— 0.9] 11) 9,207) s. 44) S. 10 
3.71/+ 0.2) 13 8,908, Sw 16) Sw. 10 
3.35!— 0.1] 11) 9,264 38 sw. 10 
2. 98)..... | 14, 7,669 34; Se. 14 
3. 29 0.3) 12) 6,016 34} se. 10 
2. 11) 8,797 23 
3.57|+ 0.7| 11, 8,205 46) S. 10 
3. 07/4 0,2) 14) 8,445 39 nw 25 
1.94/— 1.4] 13) 3,825 w. 16 
2.09/— 0.8} 11) 4,492) : 30 nw 23 
3.844 1 
3.40 + 1.0) 1712,091| 52) w. | 25 
3.39/4+ 1.1) 15) 7,541 38) w. | 20 
0.9) 14, 7,77 39, | 24 
2.99\+ 0.6} 17) 6,717) 29 nw. | 25 
3.80/+ 1.5} 16) 8, 246) 46 S. 
4. 76/4 2.4) 18) 9,848) 52} se. | 16 
2.96 + 0.6] 15) 9,902 45\s. | 10 
3.41/+ 0.9) 14) 9,960 sw. | 10 
5.154 2.9) 14/10, 653) 52; s. | 10 
2. 54]. | 11) 7, 841) 36) Sw. 9 
5. 29)+ 13) 8 sw. | 
| 
} 
2.90'+ 0.6 
2.03/— 0. 2 16} 9, 841 52 ne. | 16 
2.68!4+ 0.6} 13) 7,794 16) 
2.40 0.0 17| 9,668 43 23 
2.604 0.2) 15) 5,517 27; nw. | 24 
1.76|— 0.3) 11) 8, 048) | 7 
4.13\4+ 1.6] 15) 5,524) 25) s. 10 
| 16] 8,527] s. 381s. | 
3.24/4+ 1.2) 10) 7,637) . | 32) mw. | 24 
3.94/4+ 1.9 11 8,679) sw 41 nw. 25 
2.31|— 0.4) 12) 8,022) 36) s. 10 
4.87\+ 2.8) 13) 7,597 48 nw. 25 
3.164 0.3) 16) 9, 402 42 sw. 10 
3. 20\+ 0.8 14) 9, 333 60 ne. 7 
2.49/— 0.2) 15) 7, 794| 48) se. 7| 
1.82'— 0.3} 12) 9,785 57, ne. 7 
2.06|\— 0.3) 8) 7, 565) 34 w. 5 
1.71\— 0.2) 8| 8,366 48) w. 5 
0.9) 8,915) 48 ne. 7 
10|11, 612) 54) w. 5 
37| w. 6 
1. 12|— 0.1) 9} 7, 132 44 ne. 22 
3.2114 0.3 | 
3.44,4+ 1.0 14] 8,981 n. 10 
1.6) 16) 8,950) 46} e. 7 
3.41.4 1.1 15) 4,260 20! s. 5 
0.5) 15! 7,420 34) s. 5 
3.29\4+- 0.5) 16) 5,558) 25, nm. 23 
0.7) 17) 6,509 aie. | 14 
2.3) 15) 6,204 40| sw. | 7 
4.47|4+ 1.6) 15] 5,217 sw. | 19 
1.94)/— 1.4) 15) 6,578 36; sw. | 10 
1.2) 11] 6,673 38| s 14 
2.35|— 0.9) 14] 5,922 30| e 14 
1.26/— 2.0; 10) 7,071 341s. | 10 
2.44|/— 0.8] 12] 7,729) 40| sw. | 10 
1.76|— 1.8) 11]10, 833 50) s 
j | 
3.30 +04 
| | 
2.84] —0.9| 12) 6,881 30] nw. | 21 
3.49} +0.2) 10) 9,813 40) nw. 16 
9) 8,003 nw. | 23 
3.55| —0.3) 11] 8,779 40] s. 9 
4.37) +1.6) 10) 6,535 31] s. 19 
4.00) +1.4) 11] 8,968 37| sw. 19 
17} 9, 633 70) w. 22 
3.39) +0.6) 15} 8, 450 43) nw 2 
4. 1.6) 17) 7,230 42) nw 22 
1. 67 0.6 10) 9,119 38) nw 7 
3.02, +0.2| 13/10, 279 45, 5 
2.47; —0.2| 12] 9,520: 44] 7 
2.98) +1.0) 9] 8,220 58) nw 5 
3.02, +0.2| 13) 7,172 36) s. 18 


Clear days. 


| 
| 
| 


| | 
| | 
| 8 
| | | | 
| 
18) js 
Is) 
g 
is 
| 
In. | 
| 6.2 
13,10 7) 4.6 0.0 
9} 13) 5.2) 0.0 
14) 8 8 4.9) 0.00.0 
13| 6) 11] 5.1) T. | 0.0 
9} 8 1315.8 0.0 0.0 
11} 14) 5.7) 0,09 
16 6.2 0.0 0.0 
6, 11 13; 6.6) T. 
2} 17 11) 6.5) 0.0 0.0 
7| 8 15| 6.6 T. 0,0 
4| 8| 18] 7.1) T. | 0,0 
7) 8 15) 6.6) 0.0 09 
2) 5) 23) 8.1) 0.5 
2} 8 20) 7.5) 0.4) 6,0 
7; 8 156.8 T. oo 
| 
| 
7| 4) 19] 7.3) 2.8 0.0 
4) 18) 6.7) 2.2: 9.0 
5) 6) 19) 7.3; 1.1 0.0 
4) 20 7.6, 4.2, 9.0 
4, 8) 7.1) 9.7 0.0 
3, 11) 16, 6.8) 1.1 0,0 
7| 8 15) 6.91 T. | 0.0 
4| 12) 14| T. | 0.0 
9} 13) 6.4] T. | 0.0 
6, 13) 6.4) 0.0 0.0 
5) 13 6.6, T. | 0.0 
| 16.5 
5) 10; 15) 6.8; T. | 0.0 
§ 12, 5.0' T. | 0.0 
5 12) 13 6.9 0.6 0.0 
8 8 14 6.4, 5.0 0.0 
6146.3 0.9 0.0 
6 6) 18) 7.0, 3.2) 0.0 
6 9) 15) 6.5) 4.9) 0.0 
4) 11} 15) 7.5} 0.2) 0.0 
13) 13) 6.4, T. 10.0 
7 186.8 0.4) 0.0 
11, 7; 12) 6.0) 0.8 0.0 
3) 12) T. | 0.0 
7| 7| 16 6.6) T. | 0.0 
8 6) 16) 6.7) T. | 0.0 
9 15 6 1 0.1 0.0 
| 
} 5.6 | 


| 5. 0.0 
| | | 
4 6.6 | 
| | | 
8, 6) 16) 6.7) 2.2 0.0 
7; 10) 13) 6.3) 5.6) 0.0 
5; 8 7.1) 0.6) 0.0 
3) 5! 22 T. | 0.0 
1, 3) 16) 6.4) 0.8 0.0 
12) 14) 6.7) T. | 0.0 
3,12 15 6.8) 0.0 0.0 
5) 12, 13, 6.9) 0.9 0.0 
7 15 6.6) 0.10.0 
6; 12; 12, 6.0 T. | 0.0 
3 12) 15) 7.0 0.0 0.0 
10 12) 6.2; 0.0) 0.0 
5| 16) 6.9) T. | 0.0 
8 10 12; 6.0 T. | 0.0 
12; 8 T. | 0.0 
| 6.4 
11; 13 5.9 T. | 0.0 

11} 9 10: 5.6 T. | 0.0 
10 11) T. | 0.0 
17 8) 1 3.7) 0.0 0.0 
5) 15) 10) 6.1) 0.0 
7| 12) 11) 5.8] 0.0 
2, 11, 17 7.5' 0.6 0.0 
4; 7) 19 7.5) 0.6) 0.0 
4 9| 17, 7.2} 0.3 0.0 
5 12) 13 6.6 1.600 
6! 21) 7.8) 5.9) 0.0 
8 7 15 6.4 4.5 0.0 
7) 15 6.2, 6.3 0.0 
9) 18 7.7) 5.5. 0.0 


266 
| 

| 

= 

| | | 
84) 9] 71) 32) 1 50) 32 43 58 
86| 9) 70 30) 1) 47| 36 51) 44) 65 
82] 14] 70] 35] 1/53; 22) 54) 47] 6: 
84) 23) 69, 28) 1/49; 29 50 43) 60 
+ .04| 56.64 84) 91 66) 25| 1) 47) 34 64 
+ .03] 57. 6\+ | 83} 23| 67, 27) 1/48) 30 41) 45) 65 
+ 52, 2)- 81] 9} 61} 1) 44| 28 46 40) 69 

54.2)......| 80} 9] 63) 26) 1) 45) 26 48) 44) 74 
.03| 52.6 + 0.3) 84) 9] 63) 25] 1/42) 32 46 40) 
.02| 50.8\— 0.2) 81} 9) 60) 21; 1) 42) 29 45) 41) 74 

......| 51.4/— 0.3} 82) 9] 61) 22) 1) 42) 29° 45) 40) 7 
+ 51.0 0.0) 80, 9} 60, 19) 42, 30 43) 37| 
+ .02] 48.4— 0.3] 80) 9) 60) 16) 2) 36, 43 42) 37) 69 
+ 52.9 — 0.1] 84) 91 64 21) 2) 42) 35 45 39] 65 
| 
32 38) 34| 78 
61) 29.48] 29.97)......] 3 St} 
335, 76] 29.62) 30.00— 4 1) 34) 37, 38) 7 
523) 113) 29. 44) 30.03 + 4 11 36} 35, 38) 33° 7 
Syracuse.....-.-------| 597/97] 113) 29.35] 30.00 — .01) 4 1) 35) 
714) 130] 166) 29. 23) 30.01 — .01) 4 1) 37} 32, 40; 35) 71 

Cleveland ..........---| 190] 201) 29.19] 30.02  .00) 4 1| 39} 35 43, 37 69 
Sandusky ..-----| 629) 62] 103) 29.33) 30.02)  .00] 4 30) 
4 1| 30) 34° 42; 37) 72 
{ 57 40) 30 43 3x 70 
700) 4 54, 21, 1/37) 30 42 39 80 

| | | } 

| | | | P 
609| 13} 92 29.34 30.02 0.8 70 6/45 13) 1 32) 36 3) 7 
612) 54] 60) 29.35] 30.03'+ 38.2) 1.0 59) 6) 44) 12) 32) 25 35 31 80 
— 632) 54) 92 29.31) 30.00— .01| 43.7— 0.3) 66, 10] 51) 20 1) 36, 27 40 36 7 
87| 29.24) 30.02, 00) 45.6 — 0.6] 71) 6) 54) 20, 37) 28 40 34 6s 

Puke Houghton...........--| 684) 62) 99) 29.28) 30.02 38.4)+ 1.5) 69) 21) 46) 16; 1) 31) 

....| 44.8\— 0.8] 73| 8} 54! 17) 1) 35) 30) 40, 36, 75 
Ladington..........-- _..-| 42.0|......| 64) 10] 1) 36) 25 39° 36 82 
.04| 39.24 1.7) 66) 22| 46 23 33) 32 35 30 672 
.02} 43.4,+ 1.2] 69) 6] 51, 20 1) 36; 28 39 36 80 

...| 44.2|......| 72) 6] 53) 16] 1) 35) 28, 40 35) 75 
AS .00' 38.0'+ 2.3) 67| 22) 46) 6 1) 30; 39, 34 29 75 
48.0+ 2.1) 75 6/55 28 1) 41) 30 44 40 7 

03| 43.5\+ 2.8) 69) 19} 52) 19) 1/35 31, 39 34 72 

00) 44.2+ 2.4) 71) 6 51} 20) 1) 37; 40 36, 77 

01| 39.2+ 0.8) 70 22) 46; 18) 1/32, 29, 35 30 74 
‘ | | 
| 42.9 + 2.2 | | 70 
+ .02| 44.2\4+ 2.8] 75) 22] 54) 20) 24) 34) 35 38) 33 74 12° 10) 5.0) 3.1! 0.0 
+ 43.4/+ 0.8) 76) 18] 53} 19 24) 33. 36, 38 31 68 8| 14) 5.9] 12.7] 0.0 
y+ .01| 40.5/+ 2.3) 72) 18] 49] 24| 32, 33° 36) 31 74 8 11| 11) 6.0) 3.6) 0.0 
21| 19| 24| 34, 38) 34 7 8 14) 10.1) 0.0 
42.6]......| 72] 21] 52) 19] 24) 33; 35) 14, 11) 5 8.1, 0.0 

+ 43.6.+ 3.1) 75) 20) 54 21 10) 33,37 37, 30 64 

Minneapolis. ......... 4 4] 29] 53} 27| 24) 37) 
4 2) 22] 54) 1) 37) 3i|----|....|... 
La .00 4 22) 55} 25) 1) 38) 
4 1} 19} 54) 23) 1) 38, 28; 40) 36) 73 
1} 22) 51; 16) 1) 34) 

4 22! 55| 24) 1) 37) 39) 42) 38) 70 
5 7| 30 1/42 28) 45° 40 72 
.00 4 6} 6| 57; 31, 1) 41, 29; 45) 41) 7¢ 
4 5| 57; 28) 1) 41); 29 43, 38 70 
00. 5 7; 6| 62| 31) 1] 44, 31) 46) 41) 69 
O1 5 423,68 31) 1/51 22 51) 45 64 
5 6 61; 23 1) 42 30, 46) 41 74 
01 5 9] 23; 27) 1) 44) 32) 47) 42) 7 
5 1; 6] 64) 1) 44) 32)..../....)... 

St) Levis... 2| 22) 67 32, 1) 48 31) 49) 42 6 

781| 11) 84) 29.13] 29.97|\— .01| +-0.7| 82) 22 65) 27; 1) 45 
| 963) 161] 28.92} 29.96, .00, --0.1) 85) 22) 63) 34) 1/46 35, 48) 42° 68 

967| 11] 49) 28.91) 20.95)......! 83] 22] 62) 33) 44 32) 46 40! 6 

1,324) 98} 104) 28.57| 29.984 +0.7) 84) 22) 66) 30) 1/47 33) 49) 42 64 

984] 11] 50} 28.90] 29.95) .00) 55M 41.6) 86) 22) 66) 32] 11) 46) 

Topeka. ..............] 983) 85) —O.3| 96) 22) 63) 32) 1] 44) 
Drexel. 10) 54) 28.52) 29.92)......| 73) 18) 56) 28) 24, 39 36) 43) 39, 7 
Lincoln. 84] 28.67} 29.94; .00) 499M —1.2) 79) 22 58] 30] 24 41) 34) 44) 39 

105] 115) 122) 28. 76] 29.96)4- 49% —1.4| 73) 6 57, 29) 24 42) 28) 45) 42 7 
47, 54) 27.23] 29.97/+ .08 —0.7) 85 18 54) 23) 10 35 39° 39) 33) 7] 
Sioux City. 94) 164 28.74] 29.97/4+ .02 479M —1.1) 73, 22 55) 26) 24 40 30 42) 37 7 
Huron................/1,306) 59) 74 28.58] 30.00+ .04 459 —1.5) 73 18 54) 23) 24 36 35 40, 35 7 
46M —1.1) 72) 18| 54) 25] 24) 38) 
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TaBLeE I.—Climatological data for Weather Bureau stations, April, 1919—Continued. # 
instruments. Pressure. Temperature of the air. + Precipitation. Wind. 
gis 8 
é 5 > ins 
a|s | | Maximum 
i | fa) a g 65 3 & = (88 
Ft. Ft Ft | In. | In. | °F, \° F °F\° °F °F %| In. | In. Miles 0-10| In. | In 
Northern Slope. | 45.3} +2.5; | 60; 1.17/ —0.4 5.3 
| | 
2,505) 11) 44) 27.31) 29.96)+0.03) 47.2) +4.5) 78) 28) 59) 24) 9) 35) 40) 39 32) 64] 0.29) —0.7 3, 562) e. | 48| n. 29 13 12) 5) 4.3) 07) 0.0 
87] 114] 25.77) 29.97, 47.3) +5.3) 72) 24] 58) 24) 9) 36} 38) 36) 23] 42] 0.01; 1 6. 425) sw. | 36) sw. | il] 6) 13/ 11) 6.1) T.) 9.0 
12,962) 11) 34) 26.89) 29.95;— .01) 46.4) +3.9) 76) 24) 59) 27) 9) 34) 35] 38 27 53} 0.24) —0.8) 4) 4, 794) nw. 40, nw. 4) 13) 11) 6 4,6 T.! 9.0 
Miles City............- 2,371) 26) 48) 27.44) 30.01\4+ .05) 49.1 +4.4 76, 60| 26) 38; 40) 41) 34) 65) 1.03) —0.2 7| 5,912) n. 36) ne. 5} 8 18) 4, 5.1) 2.6) 
Resid 3,259) 50) 58) 26.58) 30.024 44.0 +0.5) 76, 18) 54] 18} 34) 37| 37] 30) 3.16) +0.9) 8,733) n. 38) n. 7| 8| 10! 12\ 6.2) 16.6) 6.0 
6,088) 101} 23.94) 29.94)4+ .03) 41.7) +0.1) 73) 18} 52} 16) 35) 34]. 28) 65) 1.23} —0.6) 8/11,238) n. 54] w. 13} 4] 19} 7| 5.9) 7.0) 0.0 
60) 68) 24.60) 29.98)4 .04) 44.8) +2.6) 72) 18) 57} 21) 12) 32) 43] 36) 26) 58) 0.93) —1.5) 6 4,500) w. | 40) w. ll} 9 13} 5.4) 2.3) 0.0 
3, 790) 10} 47) 26.07| 29.99)...... 72| 17 21) 10; 32} 47) 38) 30) 61) 1.16).....- 10) 5,447) nw. 38) nw 4) 14 7) 9 4.5 1.0) 0.0 
Yellowstone Park..... 6,200, 11) 48 23. 54) 29.99\+ .03) 39.4, +2.4| 69) 24) 51) 15) 16) 28) 38) 32 24| 59} 1.41 0.0; 5,547) nw. 40) s 4} 8) 14) 8 5.3 7.8) @.0 
North Platte.......... 12,821) 11} 51| 27.05 29. 99) +- 47.5) —1.5) 84) 18) 58} 24) 10) 37] 42) 41) 36; 72) 2.21) +0.1) 10) 7, 137) n. 42) ne 6} 9 10| 11) 5.8) 3.2) 0.0 
Middle Slope. | 52.8| | | 68) 3.30) —1.1 6.2 
106) 113) 24.66, 20.914 .01) 49.1) +1.4) 81) 18) 61; 24] 9) 38} 38} 39, 30, 55) 2.18) 0.0) 8 6,203, ne 40| n. 6} 1 17) 6.8) 0.8) 0.0 
4,685) 80) 86) 25.23) 29.91/+ .03) 50.6) +0.1) 86) 18) 63) 24 10) 38) 44) 42) 34) 63] 2.33) +0.9} 10) 5,429) e 50| w. 6| 7} 10) 13) 6.1) 4.4590 
1,392 50} 58) 28.48) 29.96)+ .03) 51.0, —2.6) 21) 60) 30) 10) 42) 33) 45) 41) 73) 4.20) +1.8) 11) 7,515 uw 36) sw. 4] 11) 15) 7.1) 0.0 
CHG. \2, 509 11 51| 27.32) 29.92)4- .02) 52.6) —1.8) 85) 21) 64) 25) 10) 41) 35) 46) 41) 1.65} —0.2) 10) 9,410) se. 48) ne. 9| 12) 11) 5.7) 7.6) 9.0 
358) 139} 158} 28.50) 29.94/4+ .O1) 54.4 —2.2) 81) 22) 64) 31) 9) 45) 34) 49) 44) 7 4.40} +1.7| 10)11, 223) s. 52] w. 7| 13, 10) 6.3); 0.0) 9.0 
Oklahoma..........- “1,214 10) 47) 28.67, 29.95) + - 03) 58.8) —0.8} 83} 23) 69} 33) 10) 45) 33] 51 46) 69} 5.04) +2.2 9}11, 062) s w 9} 12) 8 10) 5.3) 6.0) 0.90 
Southern Slope. | 61.6 —0.8 | 63) 2.86 +1.2 4.0 
1,738, 140; 52) 28.13, 29.92)4- .02) 63.5 —0.9} 90) 12} 75} 35] 10) 52 54 48) 63} 2.75) +0.5 6) 8,049; s 42!) sw 8} 15} 8 4.0) 0.0) 0.0 
3, 676, 49) 26.21) 29.92/4 .05) 54.5, —O. 1} 88} 21) 66) 26) 10; 43) 36] 46) 41) 69) 2.56) +0.8} 9) 8,417) sw n 8} 10) 14] 6) 5.1) 7.6) 0.0 
944) 64] 71) 28.94) 20.92)+ .03) 69.0) —1 0) 90} 28) 80} 44] 10) 58} 34]...-| 2.43) +0.5 5) 8,401) se 39) nw 29) 15 10 5 3.6 0.0) 0.0 
3,566) 75) 85) 26.28) 29. 86/4 .01) 59.3, —1 3} 96} 19] 74) 29) 8) 45) 42) 48; 39) 56] 3.70) +3.2) 8) 6,375 s 46) nw 8} 19) 7) 413.5) a0 
Southern Plateau. | | | | 59.7 +1.9) | | 0.56) +0.2 3.3 
3,762, 110) 133, 26.10, 29.81;— .02, 65.0 +1 2} 21| 78} 39} 9] 52 47| 28 33) 0.65) +0.4 3] 8,692, nw. 54| w. 19 3} 2.8) 0.0) 0.0 
7,013, 57, 66, 23.19} 29.86/4+ .02 48.0, +0. 4) 74] 22] 58) 24] 9) 38} 39 30) 59) 1.94) 11) 5,833) sw 37| sw. 6| 6] 17} 7| 5.7] 6.01 0.0 
Flagstaff 6, 908 57\ 23.30) 29.85\4+ .01 44.5} +2.3] 73) 22] GO) 20) 16) 20) 47) 34)....)....| 0.37]...... w.. | 39) w. 6} 21 0.5) a0 
1,108) 76, 81! 28.70) .03 69.2, +2. 6) 97) 23) 86) 42) 10) 53) 4x} 52; 36) 37) 0.17) —0.3 2} 3,975 e. | 29) w. 17] 11] 2) 3.3) 0.0) 9.0 
} 141 54, 29.69) 29.84,— .05) 72.6) 4-2.5) 99) 30) 90) 47) 10) 56 46 4 T. | —0.1 0} 3,815, w. 24) n. 1} 28) 1) 10.8) 0.0} 0.0 
Independence......-.- 3,910) 11; 42) 25.92) 29.93)+ .03 59.0) +2.3, 86) 30 74| 33} 8] 44) 40) 43) 24) 30) 0.02) —0.1 1} 5,911; nw. 60; nw. 13} 11} 18; 1) 4.0) 0.0) 
| 
Middle Plateau. | | | | | | 47) 0.69) —0.8 | 4.9 
14,532) 74 81. 25.45 29.97 00, 49.4, +2.1, 80) 29} 63} 26) 9} 36} 39] 39) 28; 50) 0.25] —0.4 5, 799) w. 48) w. 10; 11) 5.1) O71 
Tonopah........--.- -/6,090) 12 20 24.01 29.88)...... 74) 30) 61} 25) 14) 39} 30) 37] 22; 0.03] —1.7} 2) 6,834] mw. | 53] w. 5} 18) 12; 2.8) 0.0 
Winnemucea....--..-- 4,344] 18) 56: 25.59 29.984 .02) 48.8, +1.7) 82) 23) 64! 18) 14) 33} 45} 38) 28) 53, 0.49) —0.4] 5) 5,206) ne. 42| sw. 5} 10) 9} 11) 5.9) T.| 
10} 43) 24.55, 29.88) .00, 49.0, +2.1) 78) 22) 65) 24) 15) 33} 45) 36) 19) 38) 0.27] —0.5) 1) 8,274) w. 57| sw. 13} 13) 13) 4) 4.3) T.) 0.0 
Salt Lake 4,360) 163) 203 25.57 29.934 .01) 52.1 2.0; 83} 23) 62) 31) 42) 33) 43) 36) 60; 2.50) +0.2] 7| 5,262) nw 50) nw. 9} 10) 11) 5.6) 3.9) 0.0 
Grand Junction....... 4,602) §2) 96) 25.31 .O1) 54.4. +1.2 23} 66} 30) 10} 42) 34) 42} 28) 43) 0.61} —0.2) 4,920) se 38} se 23] 10) 10) 10) 5.6) 0.2 0.9 
Northern Plateau. | | 50.8 +1.8 | | 1.16) -0.2 5.9 
See 3,471 48) 53, 26.43, 30.02) + .02) 46.6, +3.1) 77) 23) 60) 23) 12) 34) 41) 39) 29) 58) 0. 67; —0.3) 6) 4,916) se. 25) s 17| 10) 9 11) 5.4) T.) 0.0 
12,739] 78) 86! 27.15; 30.01! + .03) 51.8: +1.7) 83) 24) 64! 29) 8! 40) 35) 42) 32) 51) 1.18! 0.0) 9! 4,225) nw. | 26) nw 4; 12) 10) 5.5) 0.0, 0.0 
Lewiston.........----- 757] 40| 48] 29.22 30.04] + .05, 54.0) +1.1) 83| 23] 31! 12] 42) 44 1.25] 40.1) 9} 2,882) e. 33] w 10} 3} 16] 11) 6.8] 0.0] 0.0 
4,477) 60) 68! 25.43) 29.95) 4+ 48.2) +1.4) 78) 23) 59) 27) 15) 37) 34] 39) 29, 55, 1.31) —0.7] 10, 6,796) se 36] sw 13} 7| 11) 12} 61) 5.0] 0.0 
101} 110] 27.96) 30.024 .03) 50.1 +2. 4| 75) 27| 61] 30 8/39} 33} 41| 31 0.93; —0.4] 5,296] sw 36] sw 4} 3] 13] 14) 6.7] 0.01 0.0 
Walla W: alla. 991) 57) 65) 28.95 30. 03) + 54.0, +1.2) 78) 27) 64} 33) 15) 44) 31] 45) 36; 54) 1.62) —0.1] 10 3,889) s 34| sw 19} 11) 11) 8) 5.3) 0.0} 0.0 
North Pacific Coast | | | | 
Region. 50.2 +1.2| | 77 3.64) +0.4 6.4 
North 211) 11) 56) 29.86, 30.09\4+ .04) 47.5 0.0) 65 15) 51) 40 14) 44) 19) 46) 44) 89) 3.71) +0.5) 17,13,399) nw 62) se 9} 3) 11) 16) 7.2) 0.0) 0.0 
North O78) 53. 5)......| 83) 27] 68} 26) 11) 39) 39 13) 9} 8)....| 0.00.0 
Port Angeles.......-..- 8 30.04, 30.07)...... | 64) 23] 54) 31 15) 38) 27 ----|.---| 2.67] +0.7] 15) 4,565) s 28) nw 13} 5) 15) 10) 6.0) 0.9) 6.0 
125) 215] 29.96 0.6) 49.6, +0.2) 70) 23) 57) 34 43) 27) 45) 41) 75, 3.20) +0.5) 13) 6,907) n 50) sw 19} 2) 12) 16) 7.3) 0.0) 0.0 
| 213} 113] 120) 29.85 30.08/4+ 0.5) 50.0, +1.1) 73) 23) 58) 32 12) 42) 32) 46) 43. 78, 3.61) +0.8) 15 4,671) sw 32| sw 19} 3) 15) 12) 6.6, 0.0} 0.0 
Tatoosh Isl: ind Powe’ 86 7) 57| 29.95 30.05\4+ 0.5) 47.5 +1.4| 57 15| 52) 39 4] 43) 16; 45) 42) 83 6.15) —0.2) 19)11,522) w 54] s 4) 14) 12) 6.7; 0.2) 0.0 
Portland, Oreg..... + 153} 68] 106) 29.91) 30.07\4+ .01) 53.4) +2.2) 75) 30) 62; 34 8) 45) 31; 48) 43) 70 3.60) +0.6) 16) 4,478) nw. | 33) w 19} 14) 13) 6.7) 0.0) 0.0 
510] 67} 29.54) 30.09) 4+ .02) 53.0, +2.1) 79 30) 65 34 8) 41] 37 46 39 66, 2.53) 0.0) 12) 2,593) n w 19} 9 19) 2) 4.65 0.6, 0.0 
Middle Pacific Coast | | | | 
Region. 55.0 +1.4 69 0.82) —1.3 4.7 
62) 73} 30.06, 30.13)4+ .02 50. 5} +1.0) 64) 16) 56, 36) 14) 45) 21) 48) 46} 87, 4.03) +0.1) 12) 6,304) n 38) sw. 5} 6) 10} 14) 6.4 0.0 0.0 
Mount Tamalpais... -.|2,375) 11) 27.57) 30.05 52.2) +2.7) 77) 30) 59, 35) 13) 45) 23) 44) 37) 63, 0.35) —1.1 5)11,011) nw 68} nw. 6) 12) 13) 5) 4.4) 0.0) 0.0 
Point Reyes Light... 490) 7| 18) 29.51) 30.03)...... 50. 2} +1.6) 60) 15) 54; 45) 7) 47) 0. 7\15, 383) nw. 65| nw. 5} 5; 13) 12) 6.6) 0.0) 0.0 
332 50! 56) 29.64) 30.00/— 61.0; +1.9) 89) 30) 73, 38) 6) 49 36) 51 41) 55. 0.25) —1.6 4, 4,521) se 32! se. 5 8} 1) 2.5) 0.0) 0.0 
Sacramento........-. 69) 106) 117) 29.95) 30.02}+ .01) 58.8) +0.8} 86) 29) 71, 40) 6) 47) 36) 51} 43) 61, 0.11) —1.9 4} 6,099) s 33) nw. 8 10} 3) 3.2} 0.0) 0.0 
San Francisco. ....... 155 213) 29.89! 30.06)+ .01) 56.0, +2.3) 70 15) 63 47) 7| 49) 22) 46) 77, 0.10) —1.7 3} 6, 668) sw. 30) sw. 6 18) & 4.8) 0.00.0 
141) 12} 110} 29.91) 56.5) —0.2) 78 15) 69 36) 14) 44) 36 --| 0.06) —1.4 1) 4,525) nw 29) nw. 5 10; 8} 4.7) 0.0) 0.0 
South Pacific Coast | | | } 
Region. 59.8 +1.3) | 71} 0.16) —0.8 | 4a 
sk 327 89) gs! 29.65) 30.01)4+ 02) 62.4) +1. 2) 93; 30) 76; 40) 6; 49) 36) 51) 41 0.06! —0. 6 1) 5,979) nw. 34) nw 5) 16) 13) 1, 3.4) 0.0; 0.0 
Los | 338) 159} 191) 29.61) 29.98)/— .01) 60.9) 4+1.5) 82) 15) 70; 48} 1) 52) 26) 53) 49) 73) 0.17, —1.0 1} 4,255) ne 24| w. 6} 11) 13) 6 4.3) 0.0) 0.0 
San Diego.. 87 62) 70) 29.90) 29.99 59.2) +1.0) 76) 15) 65, 49) 8} 53) 22) 55) 52) 81) 0.30, —0.4 2) 4,445) w. 20; nw. 17} 13; 12; 5) 4.4, 0.0) 0.0 
San L uis Obispo......| 201 32} 40) 29.83; 30.05} .00! 56 7| +1.5) 80, 1) 67 39) 25, 46} 33] 49) 45) 75) 0.09 —1.4] 3,537| nw. | 21) ne 14] 14} 12) 4) 4.2) 0.0] 0.0 
West Indies. | | 
San Juan, P. R....... 82) 8! 54) 29.88! 20.97/— 76.4]...... 88) 1) 80! 69] 14) 73) 3.09) —0.8) 13)10,150} ne 33) ne 21 
Panama Canal, | | | | 
Balboa Heights. ...-. 118 97} 29.71) 29.83|— .02) 81.6) +0. 2) 93) 3] 88) 72) 6 7 i8| 75) 74) 80 6.43) +3.3) 15) 6,537) nw. 31) nw. 26) 
36 30 29.81! 29.85)— 02! 80. 0) 86 18) 83 73) 26) 77 9} 77) 76) 86) 10.95) +6.6) 23) 8,839) n. 27| w. 26 
Alaska. | | | 
80 ul 49)...... 12] 49 29 15 36) 24) 38] 35 “9 6. 59 25) 3, 277| se 19} se 19 
| ! | = = 
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TaBLe II.—Accumulated amounts of precipitation for each 5 minutes, for the principal storms in which the rate of fall equaled or exceeded 0.25 inch in 
any 5 minutes, or 0.80 in 1 hour, during April, 1919, at all stations furnished with sel f-registering gages. 


Alpena, Mich. ...........- 
Amarillo, Tex...........- 
Anniston, Ala..........-.} 
Asheville, N. C...........| 
Atlantie City, N.J.....-.. | 
| 
Baltimore, Md. .......... 
Bentonville, Ark........- 
Binghampton, N. Y...... 
Birmingham, Ala........ } 
Bismarck, N. Dak.......- 
Block Island, R. I........ 
} 
Burlington, Vt....... . 
| 
Charles City, Iowa........ 
Charleston, 8. C........-.. 
Charlotte, N. C........... 
Chattanooga, Tenn. ....-.| 
Cheyenne, Wyo. .....-.... | 
| 
Cimeinnati, Ohio........--. | 
Cleveland, Ohio. ......... 
Columbia, Mo............ 
Calumbia, 8. C........... 
Concord, _ | 
Concordia, 
Corpus Christi, Tex... ...| 
Davenport, Iowa. ........| 
Mie; Tix. ............ 


Detroit, Mich... | 
Devils Lake, N Ni 
Dodge City, } 


if 


Dubuque, Towa. .......-. 
Mim... .. 10 
Eastport | 17 
Elkins, W. 23 


~ Ses anab: 10 


Fort Worth, Tex.......-- | 4 
| 26 
30 
Grand Haven, Mich. ..... 23 
Grand Junction, Colo. .... 6 
Grand Rapids, Mich...... | 23 
Green Bay, Wis. ......... 7 
Greenville, 8. C. 
Hannibal, Mo... ... | 
Harrisburg, Pa........... 
Hartford, Conn........... 


Houghton, Mich 
Independence, Calif....... 
Indianapolis, Ind. ........ 


7 


Jacksonville, Fla......... li 


Kalispell, Mont........... 


Kansas City, Mo........-.. 
Keokuk, Iowa. .........-. 21 


Key West, Fla........... 


Knoxville, Tenn.......... 
7 


Wyo... .......... 27 


Lansing, Mich............ 7 


Lexington, Ky........... 10 | 1.39 
Lincoln, Nebr. ........... 14 


Little Rock, Ark.......-.; 29 | 


Los Angeles, Calif........ 26 
Louisville, Ky............ 15 
Ludington, Mich......... of 


Lynchburg, Va........-... 


* Self-register not in use. 


| 
| 
| 
| 
| 
| 


Stations. | Date. | 
| 


1:13 p.m. 2:08 0.01 | 0.14 
10:52 p.m. 11:02 p.m.) 0.00 | 0.50 


9:49a.m. 10:12a.m. | 0.04 0.14 
7:57 p.m. 8:57 p.m.| 0.22 | 0.12 


t Record estimated. 


a3. | Excessive rate. 25 = Depths of precipitation (in inches) during periods of time indicated. 
Ended— | 10 | 15 | 20 | 25 | 30 35| 40 | 45 | 50 | 60 | 80 | 100] 129 
egan— ended— min.|min. min. min. min. min. /min. min. min.| min. min. min. |min. 
} | | 
| 
| 


0.62 | 0.75 | 0.80 0.87 |0.90 (0. 90 0.91 0.92 1.03 


0.53 | 0.83 | 0.92 | 1.04 |1.17 1.24 |1.31 |1.41 |1.48 le 
| ( 


0.31 0.63 | 0.87 1.02 1.27 1.38 1.61 1.79 


.43 | 0.48 0.52 
0.26 | 0.34 0.44 0.47 0.56 0.63 0.67 0.72 0. 0.98 


t No precipitation occurred during shite 


| 

| 

From— To— 

Pe 

pwn 9:00 p.m. | D.N.p.m. 

4:09 p.m. | 9:30 p.m. 

"1:30 p.m. | 2:20 p.m. 

2:05 p.m.| 3:40 p.m.| 1.05 | 2:41 p.m.| 3:10 p.m. | 0.07 | 0.09 | 0.32 | 0.63 | 0.75 | 0 81 | O.91) en 

| D.N.a.m.) 6:15 a.m. 1.11] 4:13a.m.| 4:52a.m. | 0.44 | 0.19 | 0.25 | 0.31 | 0.33 | 0.44 10.51 |0.58 |0.64 

3:05 p.m.| 4:25 p.m.)| 1.03 | 3:14p.m.| 3:30p.m.| T. | 0.25 | 0.73 | 0.98 | 1.01 

21) 1:07 p.m. 2:30 p.m. 1.21 | | 1.19 

| 7:24 p.m.| D.N.p.m.| 0.71 | 7:44p.m.; 8:22 p.m. } 0.03 | 0.10 | 0.28 | 0.31 | 0.35 | 0.41 (0.56 |0.63 

4:37a.m.| 7:5la.m. | 0.89 | 5:24a.m./ 5:53 a.m. | 0.16 | 0.08 | 0.12 | 0.15 | 0.23 | 0.36 (0.52 

4 29-30 | D.N.p.m.| D.N.a.m.j} 0.70 | 12:04a.m.  12:21.a.m. | 0.01 | 0.25 | 0.47 | 0.58 | 0.62 

D.N.p.m.| D.N.a.m. 2.09 | 11:30 p.m.) 12:18 a.m. | 0.21 0.08 

rare | 6:57 p.m. 10:00 p.m. 1.28 

we 

} 
| 


Apri, 1919. 


Tapie II.—Accumulated amounts of precipitation for each 5 minutes, for the 
any 5 minutes, or 0.80 in 1 hour, during April, 1919, 


MONTHLY WEATHER REVIEW. 


l storms in which the rate of fall equaled or exceeded 0. 


Stations. 


Madison, Wis.....:....... 
Marquette, Mich.......... 
Memphis, Tenn........... 
Meridian, Mias............| 


Milwaukee, Wis.......... 


Minneapolis, Minn.. 


Modena, Utah............ j 
Montgomery, Ala......... } 
Moorhead, Minn.......... 
Mount Tamalpais, Calif.. 
Nantucket, Mass.........! 
Nashville, Tenn........-.. 
New Haven Conn........ 


New Orleans, La.........! 


North Head, Wash....... 
North Platte, Nebr....... 


Oklahoma, Okla.......... 


Palestina, 
Parkersburg, 


Pensacola, Fla...........- | 


Philadelphia, Pa......... 
AMG, 
Pittsbura 
Pocatello, Idaho.......... | 


Point Reyes Light, Calif... 


Port Angeles, Wash...... 
Port Huron, Mich........ 
Portland, Me. 
Portiand, 
Providenc 
Pueblo, ¢ ‘lo. 
Raleig h, 


Rapid ¢ ity, 
Pa 


hester, 'N. Y. 
Roseburg, Oreg...... 
Roswell, N. Mex. 
Sacramento, C alif.. 


Saginaw, Mich............ 
St. Josey ph, Mo 
St. Paul, Minn........... 
Salt L ike City, Utah..... 
San Antonio, Tex ei 
San Diego, Calif.......... 
Sandusky, Ohio.......... 
Sandy Hook, N. J. eeuel 
San Francisco, Calif...... 
San Jose Calif. gh 
San Luis ( 0, Calif, ... 
Sault Ste. M: rie, Mich.... 
Savannah, Ga............ 
Scranton, 
Seattle, Wa | 
Sherida in, Wyo 
Shre veport, La. 
Sioux City, lowa 
Spok ine, Wash 
Springfield, Ill............ 
Springfield, Mo........... 
pyractiae, N.Y 
Tacoma, ‘Wash 
BIB. 

Tatoosh Island, Wash.... 
Tay 
Terre 
Thomasville, Ga.......... 
Toledo, Ohio 
Tonop ah, 
Trenton, N. 

V alentine, Nebr” 
Vicksburg, Miss. 


* not in use. 


120818—19 


of precipi- 


tation. 


| Total amount 


Excessive rate. 


at all stations 


Depths of precipitation (in inches) during periods of time indicated. 


Sao 
Bes 
* 


: No precipitation occurred during month, 


t Record partly estimated. 


| 
‘ 
Total duration. | 
ia | 5 10 15 20 25 | 35 | 40 | 45 | 50 60 | 80 | 100/120 Bee 
| From— To— Began— | Enéed— in. | min. | min. | min. | min. {min. min. |min.{min. |min.| min. |min.{min. 
15 | 11:35a.m.| 5:00 p.m.! 1.89 1:32 p.m. | 2:11 p.m. 0.39 | 0.11 | 0.34 | 0.37} 0.45 | 0.66 10.74 11.00 11.08 sane 
{ 1, 4:12p.m.} 4:54 p.m. | 0.57 4:16 p.m.| 4:33 p.m.} 0.02 | 0.12 0.29] 0.45 | 0.50 
17) 2:19p.m.| 3:25 p.m.| 1.35 | 2:25 p.m. 2:47 p.m. | 0.01 | 0.31 | 0.60 | 0.87} 0.99 | 1.03 
{ 9:10a.m.| D.N.p.m.j| 2.56} 9:34a.m.| 9:59a.m. 0.02 | 0.19 | 0.46 | 0.80 | 0.92 | 1.05 
15 | 5:38p.m. 6:14p.m.| 0.16 | 0.20| 0.62 | 0.89| 1.14 | 1.23 [1.32 11.40 
3| 2:30p.m.| D.N.p.m.! 1.77 6:12 p.m.| 6:32 p.m. | 0.18 | 0.22 | 0.72 | 0.90 | 1.01 oc 
3:45p.m.| N.a.m. 2.49 4:59p.m./| 5:49 p. 0. 23 | 0.08 | 0.32 | 0.37 | 0.40 | 0.43 [0.46 [0.48 (0. 51 10.59 0.70 
2.48 7:34 p.m.| 8:17 p.m.| 1.12 | 0.60] 0.15 | 0.21 0.29 | 0.37 {0.48 0.68 /0. 78 /0.83 
15 | 3:30 p.m.| D.N. 1.53 5:38 p.m.| 6:08 O61 | 0:40 | | | 0.76 
9 12:23 a.m. | 4:15 a.m. | 1.06 | 12:54a.m./ 1:18a.m./ 0.19 | 0.30| 0.45 | 0.57 0.65 | 0. 71 
25) 843a.m.| 2:00pm. 0.98 | 10:42a.m.| 11:08a.m. | 0.07 | 0.07 | 0.17 | 0.30 | 0.38 | 0.48 
| 2:14 p.m./ 3:04 p.m. | 0.50 | 0.05 | 0.14 | 0.28 | 0.49 | 0.55 |0. 59 |0. 66 79 |i. 08 
| | |] 3:04 p.m.| 3:54p.m.|......] 1.92 | 3.32 | 2.58 | 2.84] 3.06 3.31 47 |3. 54 |3. 62 |3.69 
10 9:50 a.m. | 10:45 p.m. | 8.91 |{ 3:54p.m.| 4:44p.m.|......| 3.77 .3.95 | 4.10 | 4.20} 4.25 14.36 |4. 42 |4. 44 14.49 14.55 
5:40 p.m.} 3:30a.m. | 1.75 p.m.) 8:10 p.m. | 0.12 | 0.20 | 0.28 | 0.44 | 0.55 | 0.58 10.61 (0.62 |0. 69 [0.82 |i.i3 | 1.33 HER, 
3:15 a. m. D.N.a.m. | 4:550p.m. 5:41 | 0.12 | 0.26 | 0.35 | 0.42 | 0.47 10.51 (0.57 10.61 10.67 0. 73 
36s1 25 | 5:17 p.m. | 6:33 p. m. 1.60 | 5:19 p.m. | 5:55 p. m. | 0.02 0.15 | 0.49 | 0.67 | 0.93 | 1.08 }1. 38 11,53 rrtrefeeees|osees|eanagaleceeeleceselenees oe 
5:15a,m. | 6:28 a.m. | 1.46 | 5:34a.m. | 5:52a.m. | 0.01 | 0.36 | 1.04 | 1.36 | 1.40 
9 | 6:50 a. m. | 10:50.a, m. | 1.02 | 8:25 a.m. | 8:55 a.m. | 0.09 0.29 | 0.33 | 0.53 | 0.69 | 0.76 |0. 89 
23 | 12:53 p.m. 4:20p.m. | 1.16 | 3:17 p.m. | 3:57 p.m. | 0.42 | 0.08 | 0.17 0.19 | 0.24 0.30 |0.35 (0.57 10.68 |..... 
9-10 | 7:30 p.m. | D.N.a.m./ 1.74 | 8:09 p.m. | 8:57 p.m. | 0.02 | 0.09 | 0.18 | 0.26 | 0.36 | 0.45 0.55 |0.62 10.70 10,87 10.97 
—_5 
| 
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TaBLeE II.—Accumulated amounts of precipitation for each 5 minutes, for the principal storms in which the rate of fall equaled or exceeded 0.25 inch in 
any 5 minutes, or 0.80 in 1 hour, during April, 1919, at all stations furnished with sel f-registering gages—Continued. 


Aprin, 1919 


| 
Total duration. 25 Excessive rate. | Ze = Depths of precipitation (in inches) during periods of time indicated. 
ToT | 10 | 15 | 20 | 25 | 30 | 35 | 40 | 45 | 50] 60 | 80 
From SS} Began Ended. £¢| min min. | min. ‘min. | min. iin. min. |min.|min. |min.| min. |min.|min. 
Wichita, Kans............ 28} 5:25a.m. | 7:30a.m. | 0.83 | 6:07 a.m. | 6:27a.m. | 0.03 | 0.23 | 0.49 | 0.56 | 0.70 |...... loccccfoceceloovnsfoccaclecceclocescsfecevclocose 
Wilmington, N.C........ 16 | 9:44p.m. | D.N.p.m. | 1.03 | 10:36 p.m. | 10:56 p.m. | 0.45 | 0.09 | 0.27 | 0.41 | 
| | | | 
* Self-register not in use. + Record partly estimated. t No precipitation occurred during month. 
TaBte IJ1.—Data furnished by the Canadian Meteorological Service, April, 1919. 
Pressure. i Temperature of the air. Precipitation. 
above i | 
mean sea! Station | Sea leve | | 
Stations. level, | reduced | reduced | per | Mean | Mean Total 
| from ro from | maxi- | mini- | Highest.| Lowest. |) Total. | from snowfall 
mum. | mum. 4 
normal. || min. +2.| normal. | normal. 
| hours. | hours. | | 
Feet.| Inches. Inches Inches. || ° F. Inches. Inches. | Inches. 
irk chink wausussevcbossedepe 125 29.83 29.97 +0.08 || 36.5 | +2.0 43.0 | 30.0 57 21 7.54 +3.3 7.0 
Sreeey, é.B DAL hekeccvntapncanteses 48 29.95 29.99 + .10 || 38.2 | +3.2 45.1 31.1 58 22 5. 43 +1.58 9.5 
| gso| 296] * 30:9) 358 2 || 4408] 
Charlottetown, ee 38 29.91 29.95 + .05 ! 37.6 +2.4 43.3 31.9 54 23 4.10 +1.45 10.0 
28} 29.95] 29.98} + .08|| 38.6 +3.1 46.1) 31.0 63 20 3.68| +1.05 14.0 
ET SE, SED. own vidndccMescckaseoss 20 29.93 29.95 + .02 || 32.4 —0.8 38.5 | 26.4 52 14 3.56 +1.98 15.5 
teen cpthsaknseespsnekenseor 296 29.64 29.97 — .02 35.3 +0.2 42.2 | 28.4 56 12 3.56 +1.47 13.1 
6 187 29.77 29.98 — .02 38.4 —1.3 45.4 31.4 66 12 3.20 +0.96 4.4 
489 29.36 29.99 — .03 30.5 —7.4 49.5 11.6 74 —12 2.61 +1.05 4.5 
eee ee ee 236 29.7 29.99 — .03 39.2 —0.8 48.6 29.9 69 4 3.55 +2.05 5.5 
Kingston, Ont........... ee 285 29.68 30.00 — .02 40.3 +0.3 48.3 | 32.3 69 8 3.56 +1.77 0.2 
on 1,244 28.68 | 30.02 — 02 32.7 ~0;3 44.8) 20.6 66 2.0 
Port Stanley, Ont 592 29.36 30.02 .00 41.0 0.0 49.5| 32.5 62 4 | 4.88 +2-41 6.5 
56 | 40.8 +2.1 48.6 33.0 66 1 2.5 +0. 1.5 
Parry Sound, 688 | 29.30 30.00} — .02 40.0 42.4 50.8 29.2 68 1 || 2.78| +0.87 0.5 
644 | 29.32 30.03 | -00 36.6 +3.1 45.9 27.3 68 |) 0.72 —1.00 
Winnipeg, 760; 29.18, 30.08) + | 41.7) $5.8 52.3 31.2 70 13 1.11! +0.06 4.0 
Minnedosa, Man 1,600 | 28.17, 30.02) + 39.9 | 43.9] 50.7 29.3 69 12 | 2.38 +1.32 0.5 
Qu’Appelle, 2,115 27.68 29.95 — 41.6|  +4.2 53.0 30.3 73 1.66 | 40.61 2.0 
| 7.59 29.86; — .06 49.0 +4.5 62.2 35.8 80 25 1.07 +0.33 2.4 
2,392 27.33 | 29.96 -00 44.9 +3.6 56.2 33.6 74 21 2.10 +1.17 11.8 
3,428 26.37| 29.95! + .05 45.0 +5.4 59.3 30.8 79 21 040) 
4.521 25.33; 29.93; + .03 | 38.7 43.4 50.1 27.3 68 17 0.76| —0.32 3.9 
che 2,150 27.58 | 29.87; — .02 | 45.1 +5.2 58.5 31.7 7 22 | 0.75 —0.13 
1,450 28.40 | 29.99 + .O1 | 43.5 +7.4 | 56.2 30.9 74 12 | 0.16 
1,502} 28.18/ 29.93 | 45.5 +8.3 57.9 33.1 77 O96] 
an 1,262 28.73 | 30.03; + .10 51.2 +2.3 | 64.4 37.9 7 24 || 0. 46 HOST 
29.80) 30.06; + .05|| 48.9 42.1} 55.5 42.4 67 37 S088 
25. 64 | 29.98 | + .12 || 35.2 +2.1 | 44.6 25.9 59 15 || 2.81 +0.99 15.4 
151 29.93 30.10; + .05 i 63.9 0.0 | 69.4 58.5 73 53 || 4.64 
i i 
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Apri, 1919. MONTHLY WEATHER REVIEW. 
SEISMOLOGY. 
W. J. Humpnreys, Professor in Charge. 
[Dated: Weather Bureau, Washington, D C., June 3, 1919.] 
TaBLE 1.—Noninstrumental earthquake reports, April, 1919. 
Approxi- 
Approxi-|Approxi- |Intensity| umber| Duras 
Day. Green- Station. ofshocks.| tion. Sounds, Remarks, Observer. 
Civil. 
ARKANSAS. 
H, m Sec. 
Apr. 8 8 36 30 91 11 May not be a quake............. L. H. Walker. 
CALIFORNIA. 
13 14 18 | Stanford University.....) 37 26| 122 12 2 1 ches Dr. 8. D. Townley. 
19 32 41; 115 30 1 3 | Rumbling........ Preceded by 0 jar. H. M. Rouse. 
NOTE. Diego at 18" 45™, and at Honolulu at 13 45". The 


The following note by D. L. Hazard, Chief of Division 
of Terrestrial Magnetism, U. S. Coast and Geodetic 
Survey, gives some records of the sea waves produced by 
the earthquake of April 30, 1919: 

“The tide gages of the United States Coast and Geo- 
detic Survey at San Diego, and San Francisco, Calif., 
and Honolulu, Hawaii, recorded a marked tidal disturb- 
ance on April 30, 1919. 

‘At San Francisco, the first effect is shown on the 
tidal record at 18" 40™ Greenwich mean time, at San 


principal effect lasted from 12 to 20 hours and there are 
indications of a disturbance some hours later, although 
it can not be determined whether the effect was produced 
by wind or by the earthquake. 

“The records of this earthquake from the seismographs 
at the magnetic observatories of this bureau are some- 
what confused, and suggest the possibility that there 
may have been two ic 5 So at nearly the same time, 
but the indications are that the principal earthquake 
occurred at about 7° 16™ Greenwich mean time, the 
origin being somewhere in the southern Pacific.” 


TaBLE 2.—Instrumental seismological reports, April, 1919. 


(Time used: Mean Greenwich, midnight to midnight. Nomenclature: International.) 
[For significance of symbols see REVIEW for January, 1919, p. 59.) 


Amplitude. 


Char- Period Dis- 
Date. acter. Phase.| Time. .. " tance. Remarks. 
5B N 


Amplitude. 


Char- Dis- 
Date. | scter,| Phase.| Time. Remarks. 
As Ax 


Alabama. Mobile. Spring Hill College. Earthquake Station. 


Lat., 30° 41’ 44’”’ N.; long., 88° 08’ 46” W. Elevation, 60 meters. 
Instrument: Wiechert 80 kg.; astatic, horizontal pendulum. 


1919. | | Se. | | km, 

iSg....| 21 00 10 undamped. 
iSy....| 21 00 25 
21 00 45 
| Mg....| 21 00 50 
| My....| 21 05 40 
| 

30 | seeentn er 7 35 50 Poor record. 
| 7 41 55 
en 7 43 42 
| eee 8 10 00 
| 8 42. 
*Trace amplitude. 


Alaska. Sitka. Magnetic Observatory. U. 8S. Coast and Geodetic 
Survey. F. P. Ulrich. 


Lat., 57° 03’ 00’’ N.; long., 135° 30’ 06’ W. Elevation, 15.2 meters. 
Instruments: Two Bosch-Omori, 10 and 12 kg. 


10 17.7 
Instrumental constants. . N 10 16.6 


1919. | H.m.s. | Sec. km. 
Mg....| 21 27 20 16 
Mg....| 21 28 . 10 
Py....] 7 20 37 
ePg...| 7 29 40 
eSy...} 7 40 49 
eSp...| 7 41 11 
eLg...| 8 04 14 
eLy...| 8 04 42 
Mp....| 8 19 41 
My....| 8 19 48 
Oe. 
Fy....| 9 08 .. 


| ay 
| 
q 
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he 
| 
| 
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2.—Instrumental seismological reports, April, 1919—Continued. 


Amplitude. Amplitude. | 
Char- Period) Dis- Char- Period)... Dis- 
Date. | scter.| Phase.| Time. 2 l semen. Remarks. Date. | acter. Phase. Time. T. | itance. Remarks, 
As | An | | Ag An | 
Arizona. Tucson. Magnetic Observatory. U. S. Coast and Geodetic Cok rad ». Denver. Sacred Heart College. Earthq uake Station ‘ 
Survey. Wm. H. Cullum. A, W. Forstall, S. J. | 


Lat., 32° 14’ 48” N.; long., 110° 50’ 06” W. Elevation, 769.6 meters. Lat., 39° 40’ 36’’ N.; long., 104° 56’ 54”’ V Elevation, 1,655 meters, 


L ents; Two Bosch-Omori, 10 and 12 kg. ose ant: Wiechert 80 kg., astatic, horizontal apm 


1919. | | | H.m.e.| Se. |p | km. | 
| My.... we. of small ampli- 
1919. H.m. 8 
| Amplitude greater 
than given. Sty- | 
21 26 | lus off from 21 |. | P not discernible 
10™ to 21 13™, 2211 .. | 9-10 | *5,500 |...... | on N-S, 
Py....| 21 04 37 | Mz....| 22 13 
Ly....| 21 09 00 
Fe....| 21 15 , eee 8 08 .. | 20-21 | *3,000 | *2,100 |.. 
08 No definite phases. | | | 
OM *Trace amplitude, 
30 |....... ~ District of Columbia. Washington. U.S. Weather Burcau. 
Me... 8 13 44 Lat., 38° 54’ 12’’ N.; long., 77° 03’ 68’ W. Elevation, 21 meters. 
Instrument: Marvin (vertical pendulum), undamped. Mechanical registration. 
ntal constants . 
* Trace amplitude. Instrumental constants... 110 6.4 
rk ifo 1919. H.m.8. | Sec. km. | 
California. Berkeley. University of California Aer. 8,950 | P very sharply de- 
Lat., 37° 52’ 16’’ N.; long., 122° 15’ 37” W. Elevation, 85.4 meters. | Other phases not 
(See Bulletin of the Seismographic Stations, University of California. ) | 
Pg....| 11 42 10 810 | 
California. Mount Hamilton. Lick Observatory. | 
Lat., 37° 20’ N.; long., 121° 38’ 34" W. Elevation, 1,281.7 meters. 
(See Bulletin of the Seismographic Stations, University of California.) M.....| 21 08 45 |....... *7,500 | *7,500 ...... Movement dies out 
21 16 00 on E-W much 
California. Point Loma. Raja Yoga Academy. F. J. Dick. 
Lat., 32° 43’ 03” N.; long., 117° 15'10’’ W. Elevation, 91.4 meters. | 58 
Instrument: Two-component, C. D. West seismoscope. 21 1 *6,000 |...... 
| | | 
* Trace 
California. Santa Clara. University of Santa Clara. J.S. Ricard, 8. J. 
, | 7 03 30 | 
Lat., 37° 26’ 36” N.; long., 121° 57/03” W. Elevation, 27.43 meters. | P....- 00 | 
i | | | 
ff (See Record of the Seismographic Station. University of Santa Clara. ) ey Cer difficult of inter- 
i *Trace amplitude. 
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2.—Instrumental seismological reports, April, 1919—Continued. 


| Amplitude. | | Amplitude. a 

pate. | phase.| ‘Time. | tance} Remarks. Date. | phase.| Time. | Remarks. 
| An | N As An ae 
District of Columbia. Washington. Georgetown University. Hawaii. Honolulu. Magnetic Observatory. U.S. Coast and Geodetic cf 


Tondorf, 


Lat., 38° 54’ 25’ N.; long., 77° 04’ 24” ¥ tm 42.4 meters. Subsoil: Decayed 
orite. 


Instruments: Wiechert 200 kg. astatic horizontal pendulums, 80 kg. vertical. 


Survey. Frank Neumann. 


Lat., 21° 19’ 12’ N.; long., 158° 03’ 48" W. Elevation, 15.2 meters. 
Instrument: Milne seismograph of the Pejemeclagieel Committee fthe British Associa- 
on. 


165 5.4 0 Instrumental constant..18.1. Sensitiveness 0. 40 arc tilt=1 mm. ae 
Instrumental constants. .4N 143 5.2 0 
Z 80 3.0 0 
1919. H.m.8.| Sec. | | km. 
1919. | H.m.s.| Sec. | km | 11 38 24 18 | 
Sheets changed | M..... 11 54 54 19 | *2, 000 |.-.-- 
Ly....| 12 03 27 at 13 09m, quake | 12 03 .. : 
| | | | 
| Mu....| 2108 38| 6 | 2143 18 
| 210921 | 6 | *1,500 |........ | 23 OB .. eee 
| Me....{ 211000] 6 | *1,700|........ | 
| 22 15 M.....| 21 27 06 15 9900 
eL....; 21 16 00 ent. M....-| 13 45 00 
Mn 21 20 03 98 Pecos] 30.8 1B 
ent. SorL.| 7 24 06 
eLy...| 11 47 F lost in changing 
M.....| 116 30 17 
Sx?....| 6 56 25 |......- on N-S. 185 i 
| | M.....| 7 22 30 |....... bedeccccleccoce 
8 01 06 nent poorly de- | 7.35 42 ints of marked 
Me 8 17 53 19: 1:95, 200 de fined. | M..... Bit crease of am- 
My 8 20 18 16) |p... *1,300 |...... | EU plitude. 
Me 20 20 974,400 | | 
Me 8 24 20 16: BOO 
| | | | | 
* Trace amplitude, 
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TABLE 2.—Instrumental seismological reports, April, 1919—Continued. 


| 1 | 
Amplitude. | Amplitude. | 
Char- Period Dis- | Char-| » Period) 
Date. | Scter, | Phuse.| Time. | Pett tance, Remarks. Date. | Phase.| Time. | Remarks 
| | An | | As | Au 


Illinois. Chicago. University of Chicago. U.S. Weather Bureau. Kansas. Lawrence. University of Kansas. Department of Physics 


Lat., 41° 47’ N.; long., 87° 37" W. Elevation, 180.1 meters. and Astronomy. F. E. Kester. 
Instruments: Two Milne-Shaw horizontal pendulums, 0.45 kg. Lat., 38° 57’ 30” N.; long., 95° 14’ 58” W. Elevation, 301.1 meters. 
Sensitivit 
E 150 12 20:1 1” are tilt=26.6 mam. Instrument: Wiechert. 


Instrumental constants..1~ 459 20:1 1” arc tilt=13.2 mm. 


1919. Instrumental constants. 205 34 4:1 
1 31 00 and sensitivity | 
L.....| 140 30 | 26.6 until Apr. 
ewarive 2 22 00 21. | 
F.....| 3.00 00 S uncertain. 
| Lg..--| 4 04 50 Record confused in 
Ly..--| 4 13 30 tangled lines on 
4 40 00 | N-S. 
11 41 14, E-W trace wan- 
1l 47 11) dered off sheet at 
| ee 12 12 40 | | lost for 1 hour. 
Dcanes 14 30 00 | | L continues on N- 
| | § with about 
' same amplitude 
| | for 14 hours or 
| | | more. 
| | 
. ‘KES | and continue | Corres ending Sw 
| riod for over 2 sibly Sz?. Pos- 
My....| 21 13 35 | hours on both sibly Sy?. 
though not as 
large on E-W as 
18 P 21 07 00 - 
| * Trace amplitude. 
21 14 43 |. 
21 16 00 |. 


Maryland. Cheltenham. Magnetic Ogservatory. U.S. Coast and 
Geodetic Survey. George Hartnell. 


Lat., 38° 44’ 00’ N.; long., 76° 50’ 30’ W. Elevation, 71.6 meters. 
Instruments: Two Bosch-Omori, 10 and 12 kg. 


| V To 
Record lost after Instrumental constants..{£ 10 15 
11 51 31 12 450, when {x 10 15 
| trace wandered 
| off sheet. 
} on E-W. 
Me.. Amplitudes largest may be PR. 
| on E-W. iPs....{ 7 36 61 4 
Me. | L waves with am- ePy...| 7 35 54 
Me.. plitudes of 67 | | eSw...| 7 44 00 10 |... Possibly SRw. at 
aa or more continue 7h 51m, 268, 
for nearly 2 Ly....| 8 11 47 19 
F in microseisms 8$2231|) 14|........ 1, 580 | 
| sometime after Me....| 8 24 41 15 *1,700 | 
13h. | C.-----] 856... 15 )........]. 


= 
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TaBLE 2.—Instrumental seismological reports, April, 1919—Continued. 


Amplitude. Amplitude. 
Date. | phase. | Time. | Period ‘ Remarks. Date. | | phase.| Time. |? Dis- Remarks. 
As Ax 


Massachusetts. Cambridge. Harvard University Seismographic Station, Massachusetts. Cambridge. Harvard University Seismographic Station— 
J. B. Woodworth. Continued. 


Lat., 42° 22’ 36’’.; long., 71° 06’ 59’ W. Elevation, 5.4 meters. Foundation: Glacial 


Vite F merges into 
Instrumental constants..{% §) 33 4.1 local disturb- : 
ances peculiar to 
morning hours. 
| { 
1919 | H.m.s. | Sec.) | km. Cf. Ottawa, eL 15k 
le 5 59 44 
Ly....| 1 55 30 record on 01 04 } 15 *500 
17 36 34 | Possibly not seis- greater ha 
ular waves run- 
17 38 00 sea ning from 135 57m 
to 215 30m, Amplitude slight. 
Ly....} 3 59 52 Cf. Ottawa eL 44. ANG 
.. Distance may be as 
Py?...| 11 49 19 much 8.050 km. pe 
| Su?...] 11 58 41 |. Minute ticks fail- is 
11 59 46 ed during regis- Pendulum shifted 
eLy...| 12 12 42 tration of P. north. oe 
Lxg....| 12 20 41 Changed E-w as 
record before 115 
55m, 
ae 12 27 43 Not Lrep. ve! 
Mzg....| 12 27 53 
Be.. Amidst irregular 
20 58 18 E-W gives distance 
20 59 42 3,450 km. 
20 59 43 
21 04 49 30 7 18 10 93.°5 of are. Cf. La a 
21 04 57 7 31 31 Paz, 07h 18m 208; a 
| 21 09 53 Large waveslike L. 7 32 20 distance, 9,550 ae 
-| 21 10 29 7 36 18 km. Harvard 
21 12 31 7 36 29 and La Paz give 2h 
-| 21 13 24 7 37 18 intersection in * 
4 
A lenticular grou 7 43 
22 35 50 of waves. E- 7 44:14 + 
23 34 .. 7 46 05 
styles off drum 7 47:00 E-W 4 
from 225 15m 42s amped 1.5: 
| to 22h lém 49 SnR,..| 7 48 00 by magnet. fis 
} Automatic gong #SP-Py| 7 52 10 Looks like eL of a 
AB 7 53 00 |. superposed sec- 
rang during oc- 
7 59 30 |. ond quake. iy 
currence of M. 8 00 00 Th 44m 14@ looks 
21 01 00 Cf. Ottawa, O 21h eLy...| 8 02 42 likeiS of a second a 
21 08 27 01m 02s. Ly. 8 05 10 quake. Times 
21 09 53 Lg....| 8 05 13 marked # fit into 
21 09 55 My.. 8 17 23 asupposed 
21 14 21 Mg... 8 18 45 quake, distance 
21 14 28 Me... 8 20 30 6,370 km. 
21 20 04 Mzs.. 8 21 00 O 726 26 
44 
10 -| Damped 1.5:1. el 7 52 10 
-| 21 24 47 800 .. 
22 45 .. My....| 8 21 36 — are left 
Mg....| 8 22 00 rum an no 
4 P masked mi- 8 24 00 |. on 
59 | croseism of 4 sec. 9 19... |. v-S. ese 
3 19 46 period. N-S Lrepi.- 9 37 00 maxima with a 
3 20 00 masked through- period of about 
3 21 53 out. Mercast | 930.. 15 sec. and aver- 
3 22 42 Lreps..| 11 10 .. age trace ampli- 
3 23 38 | tude of *60,000 u 
340 .. | — &h 
| 47m, e damp- 
11 26 17 42° 18’ of arc. | ing is too slight. 
1l 34 25 F may be leter, 
34 2 record changed. 
35 2! 
11 40 51 
11 40 54 *Trace amplitude. 
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TaBLE 2.—Instrumental seismological reports, April, 1919—Continued. 


| | Amplitude. | Amplitude. | | 
Char- Period Dis- Char- Period) | Diet 
Date. | soter,| Phase.| Time. ltance Remarks Date. | scter, Phase.) Time. | tance.! 
| As An | | | An An | 
Missouri. Saint Louis. St. Louis University. Geophysical Observa- Panama Canal Zone. Bulbou Heights. Governor, 
ry. J.B. Go S. J. 
to y J Gc —, J Lat., 8° 57’ 39’’ N.; long., 79° 33’ 29’’ W. Elevation, 27. 
Lat., 38° 38’ 15’’ N.; long., 90° 13’ 58’’ W. Elevation, 160.4 meters. Foundation: 1 
feet of tough clay over limestone of Mississippi system, about 300 feet thick. Instruments: Two Bosch-Omori, 100 kg. 
Instrument: Wiechert 80 kg. astatic, horizontal pendulum. Se 
Instrumental constants..80 7 5:1 
1919. 
(Report for April, 1919, not received. ) Apr. 17 |....... 
New York. Ithaca. Cornell University. Heinrich Ries. 
Lat., 42° 26’ 58’’ N.; long., 76° 29’ 09’’ W. Elevation, 242.6 meters. 
Instruments: Two Bosch-Omori, 25 kg., horizontal pendulums (mechanical registration). 
98 | 
13 4:1 | 
Instrumental constants. . N 14 2 4:1 
| 
1919. H.m.s.| Sec. km. | | 
12 12 20 | 
20 59 01 | ‘| 
21 04 19 
21 ~ 45 | * Trace amplitude. 
Porto Rico Vieques Vaqnetic Observatory C6 
21 08 53 | eurvey. W. M. Hill. 
21 13 21 | 
21 16 18 Lat., 18° 09’ N.; long., 65° 27’ W. Elevation, 19.8 m 
21 19 48 . 
22 12 .. Instruments: Two Bosch-Omori. 
11 34 31 V To 
Instrumental constants. .{% = 
11 41 21) 
11 41 23 
1l 47 19 | 1919. 
11 47 21 Aer. 
220 .. 
6 57 55 | 
6 58 53 | 
7 O1 56 | 
7 02 36 | 
7 31 24 
7 35 19 
7 42 21 
7 43 16 
* Trace amplitude. Me. 11 42 40 8 10 
Mw. 11 43 25 sates 
New York. New York. Fordham University. D.H. Sullivan, S. J. 
Lat., 40° 51’ 47” N.; long., 73° 53’ 08” W. Elevation, 23.9 meters. Pp... 655 32 
Instrument: Wiechert, 80 kg. 701 48 il 
72 5.0 0 
Instrumental constants. . N 72 50 0 30 7 a5 
| Se.....| 7 46 13 
(Report for April, 1919, not received.) | SeR...| 7 52 28 
| SwR..} 7 52 45 
| Te» 8 14 50 
Iw... 8 16 25 
| Me.. 8 31 17 
| Fw.. 955 .. 
¥ 10 29 


Aprin, 1919 


Remarks. 


Panama Canal. 


6 meters, 


San Salvador. 
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| Amplitude. | | | Amplitude. 
Date. | | Phase.| Time. Remarks Date | Phase.| Time. Period Die. 
| An | Aw | | | An | An 7 


Vermont. Northfield. U.S. Weather Bureau. Wm. A. Shaw. 
Lat., 44° 10’ N.; long., 72° 41’ W. Elevation, 256 meters. 


Instruments: Two Bosch-Omori, mechanical registration. 


Ts 
E 10 15 
Instrumental constants. {N 10 16 
1919. H. m. 8. | Sec. B “ | km. 
My | 21 16 00 
L.....| 21 54 00 
| 1ib 45— but no 
time marks. 
Lu....| 7 04 00 secs N-S. 
for over 4 hour, 
| largest on E-W. 
* Trace amplitude. 
Canada. Ottawa. Dominion Astronomical Observatory. Earthquake 


Otto Klotz. 


Lat., 45° 23’ 38’ N.; long., 75° 42’ 57’ W. Elevation, 83 meters. 


Station. 


Instruments: Two Bosch photographie horizontal pendulums, one Spindler & Hoyer 
80 kg. vertical seismograph. 


Instrumental constants.. 120 26 


e, irregular, may be 
local. 
eL are regular sinu- 
soidal waves of 
| small amplitude. 


tude. 


small ampli- 
{tte discernible. 


Remarks. 


1919. 
Apr. 18 


19 


21 


P lost in micro- 
seisms. 
eL?. 


F merges into next 
quake. 


Amplitudes 
| small. 


Record complete 
up to Apr. 23; 
next report will 
be issued about 
July 1. 


Canada. Toronto. 


Dominion Meteorological Service. 


Lat., 43° 40’ 01” N.; long., 79° 23’ 54” W. Elevation, 113.7 meters. Subsoil: Sand 
and clay. 


Instrument: Milne horizontal pendulum, North; in the meridian. 


To 
Instrumental constant..18. Pillar deviation, 1 mm. swing of boom=0.45’’. 


1919. 
Apr. 15 
16 
16 
17 
17 


H.m.s 
23 41 36 
23 43 30 
0 02 36 
an 4 03 12 
4 09 48 
4 34 12 
gee 11 40 42? 
11 52 06 
12 03 24 
he 12 06 18 
eL. 12 30 18 
12 32 12 
eL....| 13 11 13 
eL....| 13 36 54 
eL....| 13 42 24 
13 43 30 
iL.....| 13 53 3% 
14 27 48 


Doubtful as to be- 
ing seismic. 


10,600) Possibly Japan. 


F merges into next 
quake. 


Possibly same ori- 
gin as preceding. 
P and § lost in 
previous quake. 


4 
t 


t\ 


i 
Canada. Ottawa. Dominion Astronomical Observatory—Con. ae 
} H.m,.s.| Sce. km. 
P.....| 21 08 16 
PR....| 21 09 30 
3 19 30 | 
15 55 .. 
| 
1919. | H.m.8. | See. | | | km. 
} 
| 
| ox H 
| | | | | | Se. | | km. | 
| eS..... 21 05 12 | 
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TaBLE 2.—Instrumental seismological reports, April, 1919—Continued. 


Aprin, 1919 


| | | | 
| | Amplitude. | | | | Amplitude. | 
Char- Period) | Dis- Char- | | Period} 
Dete | acter. Phase.) Time. | Remarks. Date. | soter. | Phase.| Time. | | | Remarks. 
| j Ag Aw | | Ag An 
Canada. Toronto. Dominion Meteorological Service—Continued. Canada. Victoria, B. C. Dominion Meteorological Service—Contd. 
| 
1919. H. m. 8. | Sec. | | km. 1919. H.m.8.| See. | km 
18 xs 21 10 26 a 1,710 | Probably Alaska. 
12 01 06 |......- |....-.--]------ M.. 21 23 42 |...... 
tions record M. 3 21 15 
| 1 18 43 
#800 j.......- 28 7 10 29 
| jeP....| 73200 |.......|.--.----}-------- |------ disturbances we 30 P 7 29 14 5,750 | Probably South 
| 8 19 00 From 8 17 to 9 
L. a number o M... j 
large amplitude 
| 


Varch 29, 1919 
ight earthquake was felt here to-day at 9:30 a. 


Special observer. ) 


», Japan 


\ sl 


*Trace amplitude. 


Canada. Victoria, B. C. Dominion Meteorological Service 


m. No damage 


early hour this 


smoloyical station at 


Lat., 48° 24’ N.; long., 123° 19’ W. Elevation, 67.7 meters. Subsoil: Roe San Salvador, April 28, 1919 
Instruments: Wiechert, vertical; Milne horizontal pendulum, North. In the meridian \ daw let arth {ua ke eciurred in this « ity at an 
morning. later. about 20 additional shocks were felt, but of lesser 
Viol { L S806 i 
Instrumental! constant..18. Pillar deviation, 1 mm. swing of boom=0.51" 
Washington, D. C., April 29, 1919. 
i919. H.m.s. Sete bp i km \ severe earthquake occurred in San Salvador Monday morning 
428 55 |...-.- Apr. 28) at 1 o'clock, causing 49 deaths, injury to many persons, and 
( iderable damage to property tate Department 
| Reported by the organization indicated and collected by the sei 
12 15 16 |..... F merges into next 
| quake. 
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